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metabolites) in plant cells. 



10 



15 



20 



25 



30 



BACKGROUND OF THE INVENTION AND PRIOR ART 

,. -«h in cells i.e. those referred 

-^".«-^** p, r*x 1 s- 1 i.««--»-* ,f 

pathways being designated primary metaboht*, a ^ ^ ^ 

ceU growth and maintenance. They are a g P ^ „ 

^haveare^ctedtaxonomicd— ^^^^ 
roe mbers of closely related chermcal fanuhes, usually 



PCT/NLOO/00075 

2 

WO 00/46383 

Pto.metabolteinclode.d.v^m y ^ sugar alcohols, 

A*-* ^ ^ sKroids „ be 
loo** — -; 6 ::^ me * liKS ( S =ee,.0e-.P.M., 

vanety of other truii ^ teroenoid indole alkaloids (T1A) rep 

Plan t secondary metabolites SUCh . y occur in rnany plant specie, 

- 

to"*** , f , k , m licaUonofpl»i«s«»"» ia " M,l,t0l " B 

30 ^I^H^O. 
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^treatment. dwith ±e industrial use of the above 

However, a major problem associa compo unds are prese.it m 

email or variable amounts ot these comv 
5 metabolites is that only very small or vana 

cto -o gra phic fra c^p.oced» re ,T 1 ,e.ow ■« ^ 
Biosy.tei.ofTIAcompoundsp.oceeasmmoapl^ 

gamine and «e co„den*d *y ** ™» indok 

25 different enzyme activities convci 

indole alkaloid end products. indole alka i oid 

~„ molecular charactensation ot the terpc» 

A^eaeb^y-Crosmc^U^f P alkaloids* 
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P450 «d«c«= (CPR). «*** is "" 0,6 G '° " 

been isolated. ^ t ,|„ regulation of 

^oid indole alkaloid biosynto » con«*d lar ely, 

low , especiaU, i» =el. .*» » - *■* - ° ge „ e (tt o, 

fungal elicitor. biosynthesis of TIA 

A-* mRNA from eenes involved in me Dioayuu 
The observations that mRNA from gen 

v T^ fl ndarlmRNAscoordinately accumulate in response 

25 compoundssuchasT^^ 

eU C itors,(methyl)-jasmonate,UVlight,auxm a p " h thesise that the 

^Uartissue^ 

™ ^ fr l C enesmightbecontrolledbyoneormorecommonreguiaag 

,„ — n^-anave-a^^. , 
di^onoroe^^sinvolving.^^^^ 
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* bHLH transcription factors 
nuscle donation, «"« m ° f * SM ° f "rit^ADS.domam^ip.io" 
(MyoD, myogenin, Myf5, MRF4) in combination numerous muscle-specific 

^.Otoexampiesincludehomeodoma.n^np^f 
encoded by the proto-oncogene C -Myc. Tnese tr 

fences ,n me promo... of the targe, gene. ^ ^ ^ fc ^ „ f 

te one imperfect repe*). The MYC protcns to ^ K0 

enzymesareinvoLedtnthebtosyntn ^„. 4o „ght to Ik regulated 

coori^lybyme^gen.^*'*^ f „ eplant . 

^emelendcpe-m),^- ^ ^ " "^pe reg-ory pro«m in 
Overexpressionofnem.xelcgeneencod.ngaMVC^ 1 

„ toM d»enonofthemar««andaMYCtyP 6 m pbllt fc.es that 

Lnotn-yunpi^^^^X^-hydrox, — m 
.h.^uaTnof^oy-insandan-erofo.h^^ » # 

^.sixan^cyanms^^genestatare^forC,™ 
30 levelsinthetransgeniccellliite. , tovmml ttoverexpie s sionof the 

^puonfac^rCBM 0- belongs, o *e AP2 dommn class fan 



WO 00/46383 



6 



PCT/NL00/00075 



su88 estions that transcription «- « «* « te »" *" " ^ 

meB bolto in plan, cells and =*• ^ ,„ 

me p ,«n, have „ow fe»v^ tta. ^=np ■ 

. a»dy of (P« — «*-• " fc m0to " ° t,he 
^^va^emeuboHcp^wayWuntoinve^uon; 

of^hichmaytenbesmdled/deBnn™* 

plant (e.g. from a level below the deteot.cn limit of the assay/eq 

above said limit); lffit 
. ,„™ i „ g » I «mov^f«nwan K dor 1 ox i on,e t . Wto p rcS en l maplan 1 o,p 

. or rea-tors thereof i»vo,ved * « 

description given hereinbelow. 
SUMMARY OF THE INVENTION 

M Accordingly, the invention relates in one aspect to a method " ^ 

; involved in the biosynthesis of a metabolite 



the expression of one or more genes i 
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one expression regulating sequci transcription 
.nHine for such a transcription factor already present in the cell, in 
5 sequence coding for such a . ofatleastone gene coding for a gene product 

factor is capable of regulating the expression of at least g 
• , ^nthebiosynthesisofsaidmetaboliteorprecursor.andsubjectmgtn 
mvolved m the biosynxne« transcription factor is 

j. . „ . pre tug inserted nucleotide sequence coding for a transcnp 

""T. further aspect «. mvemion » • — ' ° f n"*"" 1 "" 8 "* 

resistance of a cell, me mcuiu r a t least one 

expressed o, the expression of the nucleotide sequence already present •» > 
• -cc nf the cell towards exogenous stress conditions. 
, h or reduced biosynthesis of a metabolite or a precursor therefor, and/or 

nosing a nucleotide sequence coding for . «««» facto, outer than . 
25 compnsuiganucleo MYB-type DNA-binding domain, said 

mnscr lndon6c«.inav.ngabHLH-typ.oraMY typ codlng f„ r a 

™. r^uct involved in the metabolite ptoduaton, sad sequence is insert 
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— ■ : — ■zzzzz- 

recovering the metabolite. ^ cel i acC ording to the 

Ttoe is also provided a method of construct^ a recombmant cell 

invention, the method comprising the steps of Option factor 

(i) idenUfvinginasourcecellanucleotidesequencecodmgf^ P ^ 

other than a transcription factor having a bHLH-type or a MYB-type DNA 

expression of at least one gene coding for a gene product mvol 
of a metabolite or a precursor therefor, 

(Hi) ii^mgsaidisolatednucleotideseq meBbo | te or a precursor 

the p. of the h« «* ■» M eXPreSS, °" ' 

selected from the group consisting of SEQ ID N0.4, a « SEQ , DN 0:5or 
. ^peptide having the amino acid sequence shown in SEQ ID NO.4, 



J0 ^m.exprcssiouofat.e.stoneg^codmgfor.gen.prc^un™ 
of a meabolhe or a precursor therefor, the method composing the steps 



(Hi) 
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fom group co„s.«g of SK ID 
anms aipto6«n»<>»™8 ilbHLHW .,. he „ press i„„ofa.l=«ston=g« 

00 ^^ AOr8 Td"^en, iS co Ji ng to a.>o.aP-»' 
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type DNA-binding domain. mn MatinK in a cell the 

lnm ^p a o„fac,o,»ft e rto. a «.ionia«hav,ngabHLH W 

10 DNA-binding domain. nreferably provided to the 

Unsaid cell underthecontrolofanexpressronregulatings q 

encoding the at least one transcription factor is expressed in said 
1 e M onen U c 1 eoddese,^«-odessa J da,^»~p n . 

primary or secundary metabolism. 
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, b vth e methodcftheinvention,thelevelinthecelloftheoneormore 
In particular, by the metnoa tn ^ t0 

a cellto which the transcription factor* not provided 

^*e ly ,b y *.me«of to mven.,o„,^W.„*e« 

, • , ^lltnwhichthetranscriptiot.factorisnotprov.ded 
9S%.e.g.relativetoacelltowhicl>tl>e * metabolites maybe 

b, the method of the invent the .eve, of one or n»rem 
(e . by me amounts indtaued above), while at the same tune, me 1. 
crj,a»ced(e.g.bythe b m5 .mounB indicated above). 

more other metabohtes may be reduced (e.g.oy ,„„ rdanc e with the method of 

,„ Also.bypro.din8.— ufactortoacelitna^w 

rf , metabolite or a precursor hereto is enhanced or reduced, e.g. relatrve 

which the transcription factor is not provided. ^inthecellofoneor 
macular, by *ememod.f the invention, the expressronm^ 

mnscription factor is not provided. „„ ress ionmthec=liofoneor 
M^.ive.y,by*eme«of,heinvenuo„,u 1 e» P r^on, 

20 re<1 ««lbya,leastlO./.,a,lea S .25%.r«.le»at50/.,or»tleas. 

which me transcription factor is not provided. ,„ m e cell of one or more 

2j llrmoreom.rgenesmvolvedmu.ehiosy^esisofamet.bolt.eor.precur 

may be reduced(e.g. by the amounts indict *"* me 
Th.«uonfa«oru SS dinth.mvenuon^ re f.»hly^ 

witbin their amino acid sequence one or more AP2 DNA btndmB 

SuchAP2^nsare to w„perse>r-»«^ OTofteAp2 
Meyer»witz E.M. (1»»), Biological Chcnustry 379. 633*16, and 
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„ B „ re amino »id residues in te naturally oc=™, sequent «* 

„ *U general deMdon *•* * -— 4 — •"" 4 W "'"° 

^^oned^Mc^-Meyc.owi.^o^sui*^ 
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instance prided smfng ton, such naturally «™ sequences, =.| 

10 used in the invention. r^Ws^ used in the 

invention is/are selected from the AP2 domains of homology, at least 50%, 

1D NO* and/or torn amino acid sequences havng a, lea,. 40/. homo 0 

• e ccr» m NO-4 SEQ ID NO:5 and SEQ ID NO:6. 

Jngthep^sen.vetsionof^BLASTpt.B^CAtechulctANuc.c.cA 
25:3389-3402, 1997). , AP2-domain, 

con^oneo.mo^f^AKdoman.descHbcd.n^Re.chn^^^ 
" . m „, mor c othe, naturally *P2 *>« °" e °' B " e " 

combination M Combined, these tnmscnptron M. a-— ° 
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Meyerowta A— »r other naturally occunng AK »•»*» 

fccors may be easily identified through BLAST searches due . the * 
, 5 conservation of ft. sequel oftheAP2 domamls). ^ 
Wto a naturally occurmg AP2 tran^on factor « •»» 

dicotyledonous plant; and some pretend, but non-lttmtmg — 

hereinbelow. . „ trtr u used it may have been 

toived from essentially fte same plan, as ft. plan, fee U) »h ^ 

25 be used, irrespective of its origin. u t w it causes in the cell to 

Preferably, the AP2 transcription factor used is such that * causes, 
which it is provided/in which it is expressed: 
. anenhanceinentoffce^ 

* .tave and/or by the amounts indicated aboye; and/or 
" ^llresstamftecellofoneormoregenestnyolvedinft^ 
_ an enhancement of the expression mm ^ssion in the 
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cell of one or more genes involved in the biosynthesis of a metabolite or a precursor 
herefor; or a combination thereof, e.g. as decribed above and/or by the amounts 
indicated above. 

As mentioned in the Riechmann and Meyerowitz reference, in nature AP2 
transcription factors - i.e. with one, two or more than two AP2 domains - may for 
instance be involved in the environmental (light, temperature, etc.) and/or stress 
response(s) by a plant (cell); in the growth and/or development of a plant, and similar 
biological responses in or by a plant. 

Thus, according to one particular embodiment, the transcription factor may be a 
naturally occuring transcription factor, and in particular a naturally occuring AP2 
transcription factor, that is involved in the (intracellular) response of a plant (cell) to 
external stress, including but not limited to response(s) to a pathogen (e.g. bacteria, 
viruses, fungi); to physical damage including but not limited to damage caused by 
herbivores, insects, worms and other multicellular organisms; to lack of (sufficient) water; 
to lack of (sufficient) oxygen; to lack of one or more nutrients; to lack of (sufficient) light; 
to cold; to heat; to high level(s) of salt(s); to UV; to ozone; to xenobiotics; etc.. 

Usually, these will be transcription factors containing a single AP2 domain, 
although the invention in its broadest sense is not limited thereto. Also, mutants, analogs, 
variants, parts or fragments etc. (e.g. as described below) of such naturally occuring 
20 transcription factors may be used. 

Generally, the response(s) of a plant to such external stress will be mediated by one 
or more stress-related signalling molecules including but not limited to jasmonates, 
ethylene, salicylates, abscisic acid, gibberelic acids, nitrogen oxide, hydrogen peroxide, 
reactive oxygen species, fluctuations in intracellular calcium or other ion concentrations, 
25 phospholipids, phosphoinositides, cyclic ADP-ribose. 

Thus, in a more particular embodiment, the transcription factor may be a naturally 
occuring transcription factor, and in particular a naturally occuring AP2 transcription 
factor, that is involved in the (intracellular) response of a plant (cell) to a stress related 
signalling molecule; and more in to particular may be a naturally occuring transcription 
factor that is involved in the (intracellular) response of a plant (cell) to a jasmonate, to a 
salicylate, to ethylene, to abscisic acid, gibberelic acids, nitrogen oxide, hydrogen 



30 



PCT/NLOO/00075 

WO 00/46383 ^ 

* ■ u t,mr acid fluctuations in intracellular 

^ide, reactive .«en species. V-*-*"^* cyclic AD P,ib„». 

— — — ™::r= 

5 analogs, variants, parts or fragments etc. (e.g. as 

occuring transcription factors may also be used. ^ 
Preferably, the transcription factor is a naturally occunng w» P 

• a transition factor, that is involved in the 
inparticdaranaturally occunng AP2 transcription spect) it is t0 be understood 

p^cursorsthereofandotheriasmonate-like ^"^^^j 

tp 12 0X0 .PDA and other lipid-derived plant signal molecules]. Ag . 
jasmonate, 12-oxo rim <" r r 0 «t nr » containing a single AP2 

,. mi ..cniiv he AP2 transcription factors conwum 6 
transcription factors will usually be AFitran 

„ m onls,« M log ! .«»i» B ,!«»t S orfta8».=»tsetc.(=.6. 

AtEBP, AtCBFl, A.DREB1. AtDREB2A, A<DREB2B,TINY, 
20 LePti4,5,6,ABI4. dAtECTl.AtEBP, 

AtCBFl, AtDKBUNtEREBPl MA LePti4,5,6, ORCA1, ORCA an 
*ehORCA-2 a ndORCA3 M «mos.p«fened. 

^.,^^,—,0^ — ^^^^ 

^ devest of a p«, - as the gro»* °»*°< **» ^domains, 
^. m ..U- y . to «mb e AP2«Uon^^' 

development include: APETALA2, AINTEGUMENTA, TINY- 
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The lm "synthetical transcription factor as used herein generally compnses 

does not occur in nature. These include, but are not limited to: 

. transcription factors that contain one or more mutants, analogs, vanants, parts or 

fragments of a naturally occuring AP2 domain, optionally in combination wth one or 

more naturally occuring AP2 domains; 
_ AP2 transcription factors that contain at least two naturally occuring AP2 dona. 

which in nature are not natively associated; 

m tra.scripuon firctor- one or more amino acid insertions, deletions a»d-or 
subatote a,.»eo tm o«»c i dposi to c»d« 1 h e AP 2 do ma in<s,pres« 1 . 

teein, such as in the transcription activation don»in<s) and/or in the hnbng 

regions/sequences; 

. option factors in whioh one or more AP2 domains are combmed w,th one or 
more tnmscription acuvation domains and/o, with one or mo. linking sequences 
(where appropriate) which which in nature they are no. naively ass.™** 

AP2 transcription factor, Snch muttmts. analogs, «!-. « "* «» 

instaMe bo derived from the amino acid sequence of such a naturail y oceurmg AP2 

amino acid residues, «* in me par<s) of me sequence of me ^ascription facto, 

u^scrinnon factor sequence such as me transcription activation do«on<s) and/or Intag 

^^ h fc^^^-"-»»- to -" ,- *" , * ,,,, ' , r" 4 r 

identity For this purpose, the p-entageof •-<» «* ofasynmeuo 
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« ,. settee ^ • -—V «— » m *" ' ^ e 

« — *~>~i - «■*•• » *•* • s, ' bs,i,u " o °• m t Tr 

„,,„, .rfd residu is taken as a diff««nce a. a singi. amino ac,d p»»on. 

is Dreferably such that it causes, m u« ^ 

decribed above and/o, by the amounts indicated above; and/o, 

_:„o ftl *— --»^- ^ nihe 

h io.v„thesis of a metabolite or a precursor hereto,, a reductton of the expresston 
h llo r aeo^o„ m e I e.f,e.,= S dee,b e d»bovea„d ( o,b y fbea m . mK 

ZLily P»vide the same leveiof (orev« ffi y)such«^en.o,teduet «.» 

Usually, according to 0.0 »■»»**, an AP2 transenptton facto, as escnbe 
nucleotide sequence encoding said AP2 transcription factor. 
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encoding the AP2 *« " J"** , forther ^ec, of ft. 

— as ascribed U4 Such ««*. *ch « ^ 

prumu v ru m citable for transforming a plant, sucn« 

fM i n s B ,c e incWe«x [ K. S »n : ofth e pta.(c=l') subje cttooneormo,e 

AP2 uamcripSon facer is exposed. Thus, term 
f ft. nucleotide sequence encoding an AP2 uanscnption facttr, 

F „ r prepay UK genetic consu-s to he used , the m ^ 
20 be derived from a suitable source, e.g. tno 

^d^natutaUy^ngse^enceofan^ P rAp2 

M n^de^otauy—c.toeof.^ ^ 
toeoe.e.g.byusi.g-^-^ofgeneucman.p 
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provided to ^^^j" j.^^ by one or more post-translational modifications. 

a bove - again optio ally » » atovemenaorJ: d nuo.eo.ide sequences and 
Suitable lechruques for providing uve 

. . ..wdlasteclmiquesforthetransforinanonofplantsusings 
•eneuc constructs, as well as tecnmHu „„_„i,. thereof are 

m enu.»=dWow.M^' s ^^"^7 c „ld Spring Harbor 

La b„ B tory(1989)ofF.Ausubeletal,«ds., Currentp 

Creen Publishing and Wile, Inters*,*, New York » 

One well-known technique for transtarnanon of plants involves 

• arises wAgrobacterium strain containing a genetic constru 

invention compnses an a& . t cell _ 

ps *ular, it was found that such expression of . AP «W 
re^simul^^ofsucbme^bohep.nnways.Ue^ 

combination thereof. •.„i, n ,r c emofanAP2 transcription 

b partcular,Uwasf.und*a,d,e»press,on,n pl an(c«U)of 

mentioned hereinabove and below. 
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m v„,ved in said MM. F*-* or any combing thereof 

Also, such Ration may result in increased fortnatton and/or m«e 

0, tnore (key) intermedin of ihc plan. metabolism and/or cursors pn m, 
secondatynaaboliBKoranycombinaaonthcrcof. 

In^y.^numtoof^cs.eps/— fc 

tabolite(s) the level of which is to be modulated. As such, one or more steps ot 
ir^^and^alls^sinvolved^ebiosyn^and/o,. 

p^ursotpathwaysofthemetabolite. 

Stoilarly.alsothenumberofgenestheexpresstonofwhtchBmot. 

According to one asp*, of*, invenuon, provtdmg „ ^ 

^morepretoblya.leas.5>.insmceb««een2and50,enzym 

^Lagivenprecursor. — 
J0 fom ^o»of 4 ed=«me*l te ;i»which^dconve K tonsmayb. P ar..f.ne 

metabolic pathways in the cell. 
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. inTO ,ved in m metaboUc pa*™,* and up . all — mvol«d 

p^e/exp^n in A. <*U ofanAP2 ***■ *»» 

ofsud, commons a* menuoned Wo». ^ 

B Linp-e^alsocn^P-o-^voW-..,^.^^^ 

leato ^c K , .0 ^ons of domai,, up^ - 3 »mpa^ » 
mo d»Wo» -y aho involv. bindi-s of 0* «*» »•* W * ^ 
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H hv foveriexpression of ORCA2 and/or ORCA3, including but 
modulated - e.g. increased - by (over)expression 

As such, the invention may be used to regulate the expression of en 

naturally occuring plant, including but no, lim,.ed to any pan, ussue org 
p^tcenn^yalsobep^ntWeHved^auansg^-. 

For instance, the method ofthe invention may be appbed to any p. v 

"1,1 of such a plan. - in which the metabolism is to be modulated, and m 
tissue, organ ot cell ot sucn a pun „i-m fcelll of oneor more 

pabular enhanced, e.g. for me (increased) product, on by the plant (cell) 

„ may also be applied to pta* P»*« — te c ° mP °™ dS ' 
inst ance phaLceutica,, a, ajmaUcine, vinblasune, vincristine, .matae, ^ 

oaUmrmca, Camptotheca acuminata, Hyoscyamus spp, Berber, spp, Cop«s spp, 

_ Atrona SD0 Thalictrum spp, Peganum spp. 
B SPP ' ^^odofu.mv^onrn.yals.b.used^pr.viaemeptantoranyp^ 
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, ■ b _ p j- . w ith enhanced 

me ntioned»bove. I. on. embodtmentof the ». of ceIKta metabolites . 

level , ofccrain other secondary metaboltte ma, 

radiation, etc.. . Mte . m0 in particular of certain 

^.snehincrcedleveisofce^nme^ ^reof - 

insects and/or other pests, and/or ^ V0T ^^^^ ^^j^ t or plant material against 
nay be (tether) increased • e.g. comp 

even prevent arrack by such pathogens. ^ more 

From the above, it «11 be dear to. the medto ^ fe ^ 

The method of the mventton may also be ^ w 

one ormore specific parts, ussues.org 
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♦ ic flowers reproductive organs, as well as fruits, 
limite d to leaves, stalks, stems, roots, petals, flowers, repro & 

Forthispurpose.thetranscnpuonfacto^ot specific for expression 

aevelopn.entoftheplant.^etranscripuonfactorCs) ^J-™^ 

exogenous* added chemicals, P-*- - ^ ' 

promoters will be clear to the skilled person. .Option factor is 

Titus, according to the invention, the cell to which ; vitro)', or 

„,«...«. in that P« ("■> - » — " — " " 

external stress. f the me tabolic 

Inpart icul*^ 
„ ' hich in nature are modulated or influenced by the (extract ,p 
pathway(s) which innatm „u llt n n t limited to iasmomc 

a ^eorrr.reof^signa.lingrnolecul.s.tncl.dtn^utno to. ' 

primary and/or to the formation of secondary metabohtes. 
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„ parted, for ftis purpo*. "> AK » ^ 

s t „ nt ai„SMAKdor*>of.r.AP2 «» _ ^ ling molecules men.ior.ed 

coding for a transection factor other than iennerab i Y linked to at least 

« expression regular sequence, »d/o, modulus .he «P 

^^eMo^of^ — "^^J:^ facer, 

e^sed or ft. expression ° f * ^ ^ ' 

modulated. . , f mo dulating the stress 

■....^■heraspee^^^--^ 

^of.ce^-od^,— ^ oM| ^ M 
^ro^h.rfonf-.r^ypre.en.^^.^^p^ 
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rcsponsiveness.f.Wl.o— » exogenous stress 

i paraitceU.enhancedorrM J „, m dnct involved in metabolite 

^ion^ccU^anu^^cod^^J 

, • „MB>mcriotionfecioriscapabli!ofregulanngtb=expressiono 

10 gene coding for a gene proau.. regulating 
Lerted into the cell and/or its express™ » —** " ^ 

, tLfromthegroupconsistingo™^^^ 
p^ferrcd examples thereof include species selected from me *o 

ta pardcuta, ihe nucleotide sequence coon* for the transcript on f 

h ' ed from a cell of a species selected from the group consisting of the Genii?™ 1 " 3 
derived from a ecu oi »>p alkaloid producing 

30 species. Some non wmim* y t^atoreae Losaniaceae. 
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Preferably, thenucleotide sequence is a seqm.ee coding for atransc P 

acid sequence selected from the group consisting of SEQ ID NO.4, 
'° ^Tu.enucieotidesequencern.yccaseque^cc.ingfor^ino^ 

Arising an a. M - AP2 domain having ». least 40% homology, a, leas. 

Alternatively, the nucleotide sequence may compose a, fcast on , 

:r:rrmr,,^ 

domain of a sequence selected from .he groupcoiisistingof SEQ ID NO 
M and SEQ ID NO:3. homologous 
uueieotide sequence or a heterologous nucleotide sequence, e.g. . to plan. 

The metabolite is preferably a plant metabolite. As such it m y 

— — « 

consisung of tryptophan or precursors therefor, terpenoid^ including 
geraniol; and precursors therefor. .„,wite For instance, such a 

The olant metabolite may also be a secondary plant metabolite. For ,ns 

30 1 ne P iani n ., non f alkaloid compounds, 

phen.iiccompoundsandte^oidcompound.^inpamculardenvedtoma 
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riM «c.=td,««hr a nilie aeid and acetate, although the — — ' KbrMdeS ' ! 
• murine vinblastine, vincristine, ajmahne, reserpine, rescinnanu 

, h „ e (ASA v D-l deoxyxylulose S-phospn«t= synthase (DXS), Geramol 
synthase (ASA), D ^ p450 ^ (CPR); Tiy p,„phan 

hydroxylase (G10H). NADfH yt st[ictMiajM p.D-glueosid^e (SGD); 

decarboxylase (TDQ; Strictostdme synthase (STTl), Stnc»s,d P 
^toxyvindoltne^ydroxy,^ 

is ^thou, tnoMed expression of the already present nncleot.de seouence 

20 transcription factor. •„„;„ the cell of one or more genes 

Por^in^etnb^theexp^on. ( 

. ♦ in-/ a t least 25% or at least 100%, relative to a cell into which an 

B tr.^^-^^^^T^roI^enesinyolvedin 
Ina »„ te en,bodirn«r t 4eexp^ionind 1 eee, 1 o f onern 1 .r«^ 

.b^orante^or.preenrsor-forr.y — ^ 
• « „f the already present nucleotide sequence coding for atransc P 
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J*.-*.*******—*** 11 ' product* „ ,s expressed, an 

recovering the metabolite. „„ditions where at least one 

to add method, the cell b preferebly cutavated under condtttons 
7 \ ..holite is added in a form which can be assimilated by satd cell. 

^r:— ------- zt 

co Jatleastoner— cel. as described above 

polite ftorn*. P-, e*^^^* e ^ ,ma " eaS "£1^ 

Tte invention also relates to a method of constructtng a recombm 
described hereinabove, rid memod comprising the steps of ^ 

„ m e,to.™cripUonf«c.o,havmgabHI.H.ypeor 

expression of at le*. one gene coding fo, a gene ptodnc, mvoived 
of a metabolite or a precursor therefor, 

<U) '^l^lo^l.cein.oahostcencomprising .gene 
(iii) inserting said isolated nucleouoe , n-etabolite or a precursor 

,he gc of the host cel. is modulated relauv. to the expression 
^comprisingftc^nucleoudes^uenc _ „, 
to one embodiment of this method, at leas, two tsolated nucleottd 

25 inserted into the host cell. includes an amino 

Momeraspactofmetovenuonrel^^ap.,^*^ 

• „f «5PO ID NCH, SEQ ID NO:5 and SEQ 1U nlm>, 
groupconsistogofSEQlUNU.4, ^ WOIDN0 -4 SEQIDNO:5or 

30 potypeptidehavingtheaminoacidsequenceshownmSEQIDNO., 

SEQIDNO:6. 
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THeLtiondsorelates^ . . 

M n SE OIDNO-2andSEQIDNO:3andamutant,aU 6 leorvananthereof. 
5 NO:l,SEQlUNu.^«uiua v mo lecule. 
Tteio v« M ional S o K , U es»ave a o,c„ m pn S ,n 8 a S uohnucl«ca 

L. cel. may also be . cell —1= for « cel., 

Agrobacterium cell. „ in at least one part, 

Tfce invention also relates to a plant compnsmg such a cell, e.g. 

15 organ or tissue. isolating a nucleotide 

ffl tet or* gene c^ing h a gene product ir.vo.ved m b,»sy«hes,s 
m p t c^a.DNA« e «r-clib OT -ap ro be C .mpn S ,nga,l e as. 
a nucleic acid as described above; 

lufyingaDNAclonethathybHdises^saidatleastafra^ 



(») 



25 (iii) 



, o roge nec* 6 for.« e n e p K du C ,inv. 1 vedi»b i osy«h ra sofam M bo Il «= 
teefor, the method comprisutg the steps of 
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( ii) amplifying cDNA or genomic DNA using saia p 

fector to obtain a nucleotide sequence codmg for a transection 
typeoraMYB-typeDNA-bindingdomain. relates to an isolated nucleic 

SBQ U> NO, - . — . - - ^ ^. we DNA-binding 

coding for a transcription factor not ^ 0 fregulatirig in a cell Ihe expression of at least 
domain, said tt.nscrip.ion factor - capable of regulatmg . 

15 therefor, the method comprising the steps as V 

hereinbelow. . . t ce u or plant 

Also, in yet another aspect, -he invennon relates . *+P 

, eKP^on re g«l*SS^nence,inw M chthepiant(e=.,)gen»c 
Preferably, the expression regnlattng sequences heterologo 

sequence that encodes said a. leas, on. transenptton factor . « « y _ 

Preferably, in such a transformed plan, cell or transformed plan, (e.g 
pan, ot gan, tissue or cell thereof), „k,„ced the intracellular 

of one or more (other! metabolites arc reduced, or * combm 

^cd^eand/orby^eamountsindic^^an^ 

, . OteexpressionofoneormoregenesmvoWedin^btosy.^ - 

precursor nerefor are enhanced; the expression . ft. cel. of one m 
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combinauon thereof, e.g. as decree fnr Md/or 0 f such a transformed 

The invention also relates to cultivating matenal for and/or 

u t «d bv sexual or asexual reproduction, including but no. brmtd » 
for instancebe obtained by sexual or asex p .^.ccordins to tie method 

«*d c«l«o„ teehniques, starting *» • H- «— "* a 



10 



15 



20 



25 



descendant, Uan _j the intracellular 

. theintr-uiarleve^ofoneorm^^ 

IMhrf «--«.(-->--*---*-*-'r* - " 

0 escnb«d above »d/or by the amounts indictded above ; -or 
. te e^ono t oneorn,o re sene S «ved ta d,eb i o S yn^ 

^-irr-rrr^yt:— — ~ 

combination thereof, e.g. as aecnoc 
romp ared M *ee.^r^ 8 n»dve(e. g .no».Worrned)P- s 

fecend*,. of such a Wormed plan,, in which, compared fine corresp 

(e.g. non-transformed) plant, „ h „^ me intracellular 

. onthereof.e.g.as 
fcvels of one or more (other) metabolites are reduced, or a combtna 
^bed above -or by the amounts indie- above; and*r 
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said method comprising the steps of: 

6cm operably linked to m expression regulating sequence 

aPta, Crrl-,»,es K .n,e^0U,e,npe I a*.P^-^ d; 
Lap^pi-cei^d/orpisn-ma^esdesonoed abo,e, ortanadesc 

such a plant. O r>riwtions of the invention 

Ote aspect, mbodimems. advantages and posstble apfUcattons 

will become clear from the description hereinbelow. 
DETAILED DISCLOSURE OF THE INVENTION 

nyfvn tvbe DNA-binding domain is inserted into the cell sucn ma 
^ ^XredtoatLc^expressionre^tingseoue.e.and/orWme 
sequence is operably unreci * 

expressionof amende sequence coding for suchatrar^puonWoralrea vp 
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15 



of a metabolite or a precursor for the metabolite relative to the level of express^ » a 
corresponding cell type not having a modulated expression of the same gene or genes ,,, 
in the wild type state. It will be appreciated that "modulating" may imply both reducedand 
enhanced levels of expression relative to that found in the wild type cell, e.g. as outlmed 

ab0VC ' With respect to metabolites - including but not limited to primary metabolites, 
secondary metabolites and/or precursors therefor, as well as intermediates of metabohc 

ceUinthe wild type state. Itwill be appreciated that Wulating" may imply boun reduced 
and enhanced levels of said metabolites relative to those found in the wild type cell, e. g . as 

outlined above. 

As used herein the term "cell" encompasses any eukaryoUc or prokaryouc cell. 
Thus cells include bacterial cells, fungal cells including yeast cells, animal cells, 
dictyostelium ceils, algae cells, and plant cell, The cell may be in the form of a smg^ 
isolated cell or it may in the form of multicellular tissues including an ammal or a plant 
organ, plant callus tissues and an entire animal or plant. ^ 

The expression "nucleotide sequence coding for a transcription factor » used 
hereinencompasses any nucleotide sequence coding for a Option t^tor which c,es 
not comprise a bHLH-type or a MYB-type DNA-binding domain. It vail be appreciated 
that such a coding sequence may consist solely of coding DNA (ORFs) or, when 
derived from a eukaryotic cell, it may include introns. 

I„ this context, the expression "transcription factor" refers to a protem that m a 
sequence-specific manner binds to DNA by recognising specif, elements located m the 
promoter and/or enhancer regions of the corresponding gene, The binding of such 
transcription factors to the specific DNA elements modulates the activity of other 
components of the tnu^cripdon mach^ 

polymerase, and thereby positively or negatively modulates the initiation of mRNA 

, capable of binding to specific elements of their target genes. 

Transcription factors are classified in families based on conserved features offer 
DNA-binding domain. Within each family, DNA-binding domains are sirmlar, but not 
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identical. Small differences in amino acid sequences can cause significant differences m 
the DNA sequence requirement for binding. As a result of these differences within a 
family it is impossible to reliably predict whether a certain DNA sequence will bind a 
certain transcription factor family member with high affinity, and conversely, based on the 
5 amino acid sequence of a certain transcription factor family member it is impossible to 
reliably predict which sequence it will bind with high affinity. 

Transcription factors have a modular structure, consisting of domains with 
specialised functions, such as sequence-specific DNA binding, transcriptional activation, 
interaction with themselves or other proteins. These domains are in many cases functional 
,0 even when fused to heterologous proteins. ORCA proteins contain the AP2-type DNA- 
binding domain. Since they activate transcription, it can be concluded that they contam an 
activation domain. It is conceivable that in e.g. Catharanthus cells the activity of AP2 
domain class transcription factors is modulated via post-translational modifications 
(phosphorylation, myristoylation etc.) via interaction with other proteins, or combinations 
, 5 thereof. The activity of AP2 domain class transcription factors can be modulated using 
recombinant DNA techniques. The objectives could be to make the activity of the 
transcription factors independent from post-translational modifications/to enhance their 
activity, or to make the activity dependent on convenient inducing conditions. These 
objectives can be accomplished via single amino acid modifications, deletions of several 
20 amino acids, fusions with other proteins or protein domains, or combinations thereof. AP2 
domain-containing transcription factors may be constitutively targeted to the nucleus by 
addition of a nuclear localisation signal. Strong activation domains could be fused to the 
transcription factors in addition to or as a replacement for existing activation domains. 
Such activation domains include the Herpes simplex virus VP16 domain, the GAL4 
25 activation domain, or synthetic activation domains known to be active in plants. 

Inducibility of transcription factor activity can be achieved via fusion with mammalian 
steroid hormone receptor domains. The resulting chimera can be activated by steroid 
hormone addition. 

In accordance with the above method of the invention, the nucleotide sequence 
30 coding for the transcription factor is operably linked to at least one expression regulating 
sequence. In the present context, the term "operably linked' refers in general to a situation 
where a first nucleic acid sequence is linked with a second nucleic acid sequence and the 
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25 



30 



seouences sequences coding lb, and sens. WA and 3' non-coding sequences. 

preserve of inducer sul*ances, absence/presence of nutrient compounds ,n the «U 
prided, by which is meant that the promou, should be capable of causn* and/or 

be understood as being "under the control of sudp.omo.er. . 

h one presently prefer^ embodhnem, *. cell in which the expression of . . 
more genes involved in die biosynthesis of a metabolite or a precureor herefor is a plant 

The term 'plan, celT as used herein include protoplasm fused cells, gamete 
producing cells, undifftouated and differential cel.,, and cells which regenenue uito 

into a whole plant, is included in the definition of "plant cell . In uselul 
plant ceU is ta the form of a cell culture. 

including Bwhy.es, PKridophyles, SpermatophyKs and^*™ 
whole plant, any plant part or propagule thereof, seed or hybrid progeny an 
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ft f.l fl nt cells suchase.g. plant tissues, and plant cells in the 
a plant cell, a multiplicity of plant cells sucn as .g v 

., , pu„tl e ts are also included within the meaning of plant. 
form of a cell culture. Plantlets are also in lurfaB ^tfltaG«*«*» 

•r .mhndiments the method relates to plant cells of a species 
In specific embodiment, me alkaloid producing 

§ or ^ Cornflto order such as a species selected from an indole alkaloi p 
order or the Cor«a/e of the ^„ flC e fle ,^«^ Logamaceae, 

5 - cies - s ^:;^ 

factor as defined above can oeoen „f,„ v of the above types and 

MM* «M sonrces for -sequences are plan, cells of any of 

te , one^sdngentbodnuent^nncleoude^uenceeodtagfotaB^on 
15 factor is a sequence cooing ror v Ben erally referred to as 

Option factors, nan* seonence-specftc DNA bmdrng c p 
^sirniWtyanton^eAP^REBPpro--- 

0K0 , W AP2dorr-»s,*.E M BPsub«yan ^AP^-. J 

VRO^^^RAVDelen^tThe^^P-^ 
VRG dement) is basic and hydropbiUo. The carb»y .emuatd RAYD elem. 
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Aiabidopsis AP2 domain protein revealed that the ^ whereas the RAYD 
^ ac id s fo^m«^ann.pa™ll«lP• S hem*■•»''«• ,1 « DNA •™ ,, 
^indeed ad.pn.^a-heUrfsm^aapredicUd 

,w ,, leas. 85%, a. « 9» ot a. leas. 98% residue identW >» any of 

65%, at least 75%. atleasm* ,,,,,1998) However, in the present 

AP2don tt insdescHhed«ec taM n-M=ye,o», E (1998^^ ^ 

. „, m inoaeidsequeneehavingsirnilahtytoanyofthewocmserv 
^ TL MYD element as defined by Riechmann and Meyerowit* 

(1998) are encompassed by the invention ai 

^ another ^r^^^^^*^ 
fiomATC domains of SEQ ID NO.4 . - ^ ^ ^ ^ 

u™«**r it is contemplated that a transcription factor tnax 

domains from a naturally occurring tr Altpmative i v an AP2 domain may 

uv. ,uirh it is not natural y associated. Alternatively, an n 

least 90% homology 10 any ofthe at least one AP2 domains of SEQ ID NO 
NO:5andSEQlDNO'.6. 
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0I ^«-»^ 1997). 
using the present version of the BLAST progr . 1j c se quence coding for the transcription 
,. other spe* embodiments, the se,™ 

an AP2 domain of . sequence selected SEQ fD NO ^ mjy 

h*.,— - **— •"T ' twonofoneormore 

^Unmon of on. or more "» «* » included „ changes ,n 

*. mKieot.de sequences -eh make »<*-"' te ^duced hv 

Variant, allehc, mutant or derivatrsed nucleotide the variant DNA 

, s^dONAmn.g.nesis-quesorh^* ^ ^^eof 
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. . ^thinthecelloforigin.Whetherhomologousorheterologous.the 
translocated withm the ceil oi ong ^hlv linked to a regulating 

option factor-encoding nucleotide sequence may be operably luted 
i *^.cn,iPnce with which it is not natively associated. 

„ did* cell The tortoncan be earned ou.u.ingwconv.ffl.o^ 

elated uptake and tnutfonnation by M of a d»d ^ 
^fonuadon, and genes encoding ««- a-rdms 

i „«a routinely in transformation include the gene wm 

*L I ypical>yc TO a tl e» S .»neT.DNAb 0ri «rse q uenceand,.clude 

vectors such as pBIN IV, P^w 'f RK 2-derived tra function 

formobiUsauonbe^^.^"^^^^ 0 ^* fplml 
also fan, RK2. Tley usually con* a polylintatha. » -able for the clorung 

" ^Cl^ce^tbeln.en^seneseo.uene.sln-edfotex^on.n 
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i + *vnre«?sion cassettes can then 

— — 

Tie of a promote »*• » ^ 

of inducing exprcssionofte^-"""" 1 """ 5 ' 

Anneal and/o, physical induce fc ^ „ ptession 

Avar ic W ofW«npOonaltcm»»a<o B ar ^^te 

rfBmy ».,a to U^^^^ 8 fliemelhodort . i „vc» li o»U 

"T* ^ ot « can be enhanced using 
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„ ■ .Dictionary AH^ookofBioacdveCompoundstoP^edMl-y 

T^B":»^F-^*-~ n - DCto h ns 

Harborne and Baxter, 1 ay ior <* co moounds such as 

-- «,,.««- — -■™'--^™,,»-« 

„f the invention include but are no. M-d » »»— 

, • Weofreaulatingtheexpressionofatleastonegenecodmgforagen 
method is capable of regulating 01H -h a eene product is a protein 

— — ::rrrr:^— 

such as an enzyme. In a useful emoo 

(DXS); Geraniol 10-hy<hx>xylase (O10H), NADPH.cyt 

Lopha. dectuboxylase (IDCk «—■» syntha* (STR , M- 

As mentioned above, involved in the biosynthesis of a metabolite 

cell the expression of one or mote genes tnvo , mto(Uin5M s the expression 

be able to reduce the expression of one or more ^^^^^^j which a nucleotide 
transcription factor as defined herein. 
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5 or at least 10. involved in the 

* ~r tVi a pvnression of one or more genes 

ir"— 

fx, the inserted ttansenpoon 6 """- MiU ^^ 

modified by insertion of a transcript ^ ^ expresslon 

•^nnfsuch a sequence already present in the celi.it is 
20 expression of such a seq tvoe not previously containing the 

oftheb iosyn«h^^^ 

• • ^rorovided the cell contains a biosynthetic gene , 
^caption factor prov dea ionleve l of an inserted 

be obtained by any khuww 

■ zzzz=z:=- 
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alternative approach is to modify the nucleotide sequence of the transcription factor- 

encoding sequence. . - 

A number of different sequences have been found to enhance gene express from 
within the transcriptional unit and these sequences can thus be used in conjunction vath me 
^cription factor-encoding nucleotide sequences according to the invention to mcrease 
theirexpressionintransgenic plants. Various intron sequences have been shown to 

enh^ceexpres^^ 
^elyinlrporatedintoplanttransfo^ 

le3der A number of non-translated leader sequences derived from viruses are also known 

toer^ceexpression^^ „ 
Specifically, leader sequences from Tobacco Mosaic Virus, Maize ChloroUc Mottle Vl rus 
and Alfalfa Mosaic Virus have been shown to be effective in enhancing express^. 

Where the expression of the at least one gene involved in the metabohte 
biosynthesis is reduced ("down-regulated"), the reduction is typically by at least 10* at 
ieast 25% or at least 50%, or at least 95%, relative to a cell into which a nucleoude 

expression of the already present nucleotide sequence coding for a transcnpton fac,r Us 
also contemplated that the reduction of gene expression can be higher such as by a factor 
of at least 1.5 including at least 2, at least 5 or at least 10. 

Down-regulation of the expression of the transcription factor-encoding sequence 
can be obtained in several way, Thus, as an example the expression is reduced by usmg 
anti-sense technology or "sense regulation" ("co-suppression"). In using anti-sense genes 
or partial gene sequences to dow-regulate gene expression, a nucleotide sequence * 
placedundermecontrolofap^^ 

!ields RNA which is complementary to normal mRNA transcribed from the sense strand 

inserted in sense, thai is the same, orientation as the target gene, to achieve reduction u. 
expression of the target gene by co-suppression. 

I„ another aspect of the invention there is provided a method of modulatmg the 
stress resistance of a cell, the method comprising inserting into the cell a nucleotide 
sequence coding for a transcription factor, the nucleotide sequence L s operably hnked to at 
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involved in the biosynthesis ot saia transcription factor is 

i. «• the inserted nucleotide sequence coding for a trans P 
5 conditions where the msenea . nr , already present in the cell is 

. ortneeX pressionofthenucleotidesequencealreadypr 

expressed or the exprew rf ,o U itine in a modified 

» » f ■* re ;*T 

«. supply rf— " """ 

to accords «* the =* *™» m 

transgenic plants. ^ resistance , the 

In accordance wtth the present mettio ^ ^ 

• nf at least one biosynthetic gene is modulated by modiiying 
expression of at leasi one u j one 

gene products involved in metabolite biosynthesis. 
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MI ^t*Mvet»a«utr»**»° flte ^dy present 
production. the cell comprising a ^ MVB-type DNA-binding 

lig ht, temperature, P H and shear stress). & 
2S Wudingaptatseconda-ymeubolitefl. n ft5mcto) , id e 
^"^'^Xl^n^U^uo.onlaexpre^and 

r""-^ ** 
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!• * ~ A n rtf the invention is further geneuwu j 
^^theproducnonofap*^ ° .added to 0* 

ce.ru.f.n.-hlA-be^dby.hec^ ^ of ^ng , 

„ a particular "P«* » f "» mven, "" , P , he „_ „, 
, i. .iAove ihememod composing the steps oi 

(,,,) 

^nouomp^ng^i^-^^ ■ ^^wo 
ta useful embodiments, ta* »» Se,Ue ° 

group consistmg of SEQ1UNU.% v an „ w hich is selected from the 

group consisting of SEQ ID NU.i, * am ; n n acid sequence having at least 

40% homology including aw 



20 

the host cell 
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above including such as a veci „. nr The host cell is selected 

r:r::r:i»s E ;o N o.. 1 ,s EQID --s EQ1 o N o^a 

The invention also provid MYB-type DNA-binding domain by 

asjng a nucleotide sequence as shown u SEQ ID N O.Man 
^ . c te ea re p»vid«daniso,a.ed»n=lei=acidh.™8*«nue.«ond« 

20 ^ s :r:dZi-- 8 '---^"* e r a . 

using this nucleic 4 MY B-type DNA-binding domain. 

jasmo „ate responsiv ness. Two ^ ^ or ^ 

subjected to a control treatment (C), or ^induced wi* P ^ ^ 

jasmonate (MJ). Constructs were introduced in C roseus cell 
viaparticlebombardment^^^^ 

30 - 

jasmonate responsive element. Two transformed cell in s or ea 
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jasroonate (MJ). Constructs were introduced in C. roseus cell line MP !83L via particle 

bombardment; , 

L 4 shows to. mutation, M3, 4, and 5 in the RV region abolish elicitor and 
^inlresponsi.enessor.e.r.BHpronto.r.d^rnu-M— the 

responsiveness. Two transformed cell lines for each construe, were succeed . 

Fk 5 shows drat Orca.2mRNA, bu.no, Orca-l mRNA, israprdly induced byMelA 
" ^l^C. M seusce,,sw m exposed,„Me J A(,0uM,orp^.yP«HBede 1 «r 

^ditionofMelA (C) Orca2, Sir and Rps9 mRNA levels after addition of PE. 
CelCworlhybHdi^wi.hOrcal.Orca.S^d^cONAs.^ 

C control incubation with DMSO. 

(STR) and suictosidin. glucesidase (SG). Noruiern Ho, analysis of RNA «Md 
ra»d Sg (6A,.RNAsinn 8 ureo3w,,= hybridisedwid.,h«re S cuedf,an tag p.a.. 
DNA from line 46, containing the complete Orca-3 open reading frame; 
Fig 7 shows expression patterns in elicit C m- suspension culmreaX 

elieitor (VE) or with an equivalent amount of parually punned .lienor (PE). Mis we 
h^iu,edmep.m B indi^ ta me„gur..^Awa,ext^d^No^ 

rwereprobedw i u,torescoedf^ 6 pla».DNAfromUne46,c„„.amm 6 ue 

rnmolete Orca-3 open reading frame; 

to C cells. OUS/CAT rado, win, standard deviation wire calculated from 
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Jch of coafcd parte in a repKsenunve hombardment experiment Tnngsfcn 

oarticles were coated with a mixture of plasmids containing BH-GUS, empty 
^el.orpMOG.^S^ic.O^msenseorann^eonen^ 

^t^C^BSSp^-TocorrectforWonnanonemetency,. 

olasmidcarryragCaMVJSS-CATwasaddedtoancoatmgs; 

1 , illustrates 4a, ORCA-1 and 2 transcriptionally activate the Srl-promoter ,n C 

pMOG184 derivatives. The GUS gene was driven by the Slrl BH promoter oiEii 

was aided to all coatings; ,,„,,„_! 
Fie .OstowsmatORCMactrva^expressionofmeSMNHpromoter^to 

" Ir.sp^.tnATOs^^X.^c.llswerebombardedwim.nngs^ 
^Jco.ted-an^ofplasmidscon^.M^US.emp^ 

oMOG.R or PMOG184 carrying <>»-3 in sense orientation wtth o *« 

I » P— and ssdnedfor GUS emryme activity b, addition of the subs*.* 

-rteta coated with a mixture of plasmids containing Tdc -2.9-GUS, empty 
loom „,pMOGl»4c«nyingORCA-3 in sense orienutdon with respeetto the 

„, pMOO, 84 c^ing ft-l. -2 - -3 i» — «*— «* •** *" 0 * W 
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G1UC ' , „ that ORCA3 contains different domains affecting the transcriptional 
_ fig. 13 shows that ORCA3 conta, ^ ^ ^ different deletion 

activationpotenua^ 

derivatives. Numbers indicate amino acid positions^ tfW 

black box,*e acidic domain as a hatched box and ^^^ NLS 

te VP16 indicates the heterologous «**r VP16 activate 

v of a nutative bipartite nuclear localization signal. <B) 
shows the position of a putative mpan 

*• i „f tho ORCA3 deletion derivatives shown m (A), uro 
activation potential of the ORCA3 ^ ^ 

reference reporter gene cm u» pro moter. 
p^d c^int » ORCA3 <**- as Seated - *• P 
UaT tatios - exp^ - „ «f ^ ^ and 
^ ± SE ™P* ° RCA3 ^ 450RCA3 - f °' 2 Mica. 

ctati^icallv significant differences (P<0.05). 

extrac $ c(jntrol cell hnes in 

i„ C,- genetic background BIX, (B) 10 OX 1 ^ 

; impish and from untransformedMP183Lceii5CA H 
genetic background MP183L, and (L, i ^ 

♦w overexpression increases accumu* 

" * IdTO^ *»>' ate subculture, tryptophan , OTP"* and TIAs 
03 OX 1 5 con™. Uncs, -on, togan* snpp.y 0* pan*, 

0 - Fig-16 shows that OKLfiu over h extracted from 14 

, »i.Nnrthem blot analysis was performed SnRNAexiracic 
genes. Upper panel. Northern y g strong 

02-OX lines and 7 control cell lines. Lower panel: RNA expressio 
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M ,„ ± SE. Mean expression of the control '""^^^^ weus. Solid arrows indicate 

dotted lines, respectively . lullu — 

^esmdicatedrntheBgurear _ 10 . hydr oxylase (G10H); 

Stnctosidine synthase (STR), Stnc* p ^^vindoline 4-0- 
Desacetoxyvindoline 4-hydroxylase (D4H), Acetyl 
acetyltransferase(DAT). 
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EXPERIMENTAL PART 

•„ • .ole alkaloids (TlAs) form a large group of natural products with 
Terpenoid indole alkaloids ^ ; including well 

ma t,v of which are pharmacologically actrv e. m 
-3000 known compounds, many of wmcn P 

. • tunr Cntharanthus roseus synthesize we very v, 

^"^"^pas.years.ex^ve^esof^-^" 
ceK bralMoodciroutauon.tolnepa!iy ^ --medout Tne TIA pathway has 
• ..nH cell cultures Ihereofhave been earned ouu in 

The central intermediate in ii/v o CArn wanin a reaction 
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, me p450 enzyme (geraniol hydroxylase, G10H), which depends on NADPH- 
cytochrome r«u eiuyuic « ^. nt i v Keen shown to 

v> ffleP 450reductase(CPR)foritsactivity.Geramolhasrecentlybeensho 

cytochrome P450reau«a^ AJ ™ ««thwav^ of which the first step 

^^^^^^^^ 

•c^talvzedbyD-ldeoxyxyluloseS-phosphatesynthaseCDXS). 

5 Alters™, .. aIAAvH fi The pathway then diverges to the 

•j cr,™ reiultine in a reactive dialdehyde. mepdu.™ } 
g [ucosidase,SGD), resulting in a fon nation of 

u a miiR40^ ASA (access on number AJ25UUU5^uiui v 
(aC cessi.nn»n*erAJ0U 840>,ASA( XDC (accession number X67662), 

u v«iom and SOD (accession number AF1128K». na™ " 
Emt(accessionmimberX61932),and!.< J U(a AF053307) genes 

Coned. M (session number U71604, and M <access,on number 

Fo, WtmlSrtto genomic sequences mclnd,n B ehc,»r respons P 
• ,lebe»cionedAlUc^sm^g=»=3ac.iv«in««TIAb 1 .sy»«h=uc 

, j * «i«ntc The AP2-domain s responsible tor una duwuib 

ir^ 8 -«candS 0 .BomORCA2»d3p rot einsb,d„ t neT«c- SI r 
" tntrTdJacu^dre^mC.^ceUs.a.ransien.assa, . 

subsets of msm«tu^geMs.m^t»>n,ORCA3regula 8 
^bonsm.as-.asa.ene^^in.Hep^y^™- 0 ^^ 
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regulates genes in primary metabolism leading to TIA precursors. The data strongly 
suggest that together, ORCA2 and 3 may regulate additional and perhaps all genes in the 
pathway. 

The biosynthesis of many classes of secondary metabolites is stimulated by 

5 donates and severe 

genes are known, this biosynthetic stimulation was shown to be preceded by induct™ of 
genes and corresponding enzyme activities that are active in these biosynthetic pathway, 
A non^exhaustive list of metabolite classes induced by jasmonates includes: taxoids, 
pheynlpropanoids, flavonoids, anthocyanins, guaianolides, anthraquinones, 

l0 sesquiterpenoids, various types of alkaloids (benzophenanthridine alkaloids, terpeno.d 
indole alkaloids). 

Genes induced by jasmonates include those encoding tyrosine/DOPA 
decarboxylase, berberine bridge enzyme, allene oxide synthase, 4-coumarate-coA ligase, 
phenylalanine-ammonia lyase, chalcone synthase, bergaptol methyl-transferase, 

15 lypoxygenase. 

In addition, many genes in primary metabolite biosynthetic pathways were 
shown to be induced by jasmonates, and include those encoding anthranilate 
synthase, isochorismate synthase, deoxyxylulose -phosphate synthase, 
cytochrome P450 reductase, hydroxy-methylglutaryl-coenzymeA reductase. 

20 In all these cases, ORCA-like AP2-domain proteins may be strongly suspected 
to mediate these jasmonate responses, and manipulation of the expression 
levels of such ORCA-like proteins may modulate the levels of these various 

metabolites. — -=r MA 

The techniques applied in the below examples a re all standard recomomant DN A 

25 and molecular cloning techniques well known in the art and are e.g. described by 

Sambrook et al. (1989) Molecular cloning: A laboratory manual, second edition, Cold 

' Spring Harbor Laboratory Press and Ausubel et al. (1987) Current protocols in molecular 

. biology, Greene Publishing Associates and Wiley Interscience, New York. 
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EXAMPLE 1 

m1| |ltifint ^ „ f „ -i^. „nd iasm onate - responsive element in the ttrl promoter 

The RV region of the promoter of the strl gene (DDBJ/EMBL/GenBank database 
accession number Y10182) of Catharanthus roseus (Madagascar periwinkle) coding for 
5 strictosidine synthase was, as described below, via promoter analysis including detailed 
scanning mutagenesis, identified as an elicitor- and jasmonate-responsive element. 

The BgUI/HincII fragment (BH) of the Strl promoter and a BH fragment .n which 
the Rsal/Avall fragment (RV) was deleted (BH" RV ) were introduced as Bglll/Sall 
fragments into the GusSH vector consisting of pBluescript SK+ carrying the p- 
10 glucuronidase reporter gene. These Sri promoter derivatives fused to the gusA gene were 
introduced into two different C. roseus cell lines. Cell line MP1 83L was transformed via 
particle bombardment, whereas cell line BIX was transformed via an improved 
Agrobacterium strain (see example 4.1). For^otomm-mediated transforms the 
GusSH derivatives were introduced into the binary vector p MOG221ambdaCAT, a 
15 derivative of pMOGlambdaCAT containing the hygromycin resistance gene instead of the 
kanamycin resistance gene as a plant selectable marker. Northern blot analysis was 
performed for two independently transformed cell lines for each construct, each estimated 
to consist of a population of at least 100 to 1000 independent transformants. The BH 
fragment of the Strl promoter conferred low basal level expression onto the gusA gene m 
20 the control (0.05% dimethylsulfoxide (DMSO)) treated cells (Fig.l). Incubation of 
MP1 83L cells transformed with BHGusSH with partially purified yeast extract elicitor 
(PE- Menke et al. ( Plant Physiology, April 1999, Vol.1 19, pp.1289-1296) and methyl- 
jasmonate (MJ) for 6 h induced the expression of the gusA gene several fold (Fig. 1 upper 
panel) These conditions similarly induced the endogenous Strl gene as described 
25 previously (Menke et al.,1999). The BH* RV fragment did not confer elicitor- and MJ- 
responsive gene expression onto the gusA reporter gene in cell line MP183L (Fig.l upper 
panel) Similar results were obtained with BIX cell lines transformed with these Strl- 
promoter derivatives fused to gusA. BIX cells carrying the BH-gr^ fusion had low basal 
gusA mRNA levels, but incubation for 6 h with MJ induced high gusA gene expression 
30 (Fig.l lower panel). BIX cells carrying BH-RV fused to gusA did not have detectable basal 
expression levels and could not be induced by MJ (Fig.l lower panel). This loss of 
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experiment shows to, to RV region of to »! promote b required fo, el**, 

a^jasmotuite-respomive gene expression. „,„ f ,k,Slrl 
toagainoftacnonexperin.en.i.was^wr^ertoRVfragmen.oftoar. 

«. abie to confer elicitor-and M-responsive gene expression on* . — 1 

^GusSWT.TheRV region -.BrfA^«^*-f" 

Sm al/EcoRV sites of plC20H, and taunted using to enzymes B»HI/BjUl The 
„ was cloned as a B«nHI/BgUI fagmen, into to BamHI site of GusSH-47. C. 
rM «» cell line MP183L was uansformed with this construct via panicle bombardment 

W.pendenflytransfcn.edcel, lines foreach conduct. The STcytc^ctcontauts* 

maepcuwi ? T-CYT eene which is 

h^ro.taileopiesoftocyt-leis.aeitogelementn^toT-DNATCYlg 

Ill^DMSOiin^eells^rnesarne — ofeeu^ear^ 
samples <F,g.J). In to cell lines c»yi»g to — *• * ^ ** 

elicitor- and jasmot^responsive gene expKssion onto an otorwise inaenve nunnnal 
JL-Ji— • meresulrswidrtooTcyUnessnowtortoRV sondes 

elsewhere on to construct 

Detailed block scaruingmuUgenesisoftoRVregionintoe.ntextoftoBH 

^ RVM1-RVM8 are disclose in to below Table 1.1 (SEQ ID NOs 8-15) 
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Tahlp 1.1 Primers 



used in detailed block scanning m»tapenesis of the RV region 



RVMl 


~5'-CCACGTGGTTGTAGTCrcrrAGACC-3 


RVM2 


5'-GGTACATCAGAGAATGACCGCCTTC-3' 


RVM3 


5'-CACTCTTACTGGCGCTTCTTTGAAAG-3' 


RVM4 


5'-AGACCGCGAAGAATGAAAGTG-3' 


RVM5 


5'-AGACCGCCTTCTTACTTTCTGATTTCCCC- 
3' 


RVM6 


5'-TTGAAAGACTAAACCCTTGGAC-3' 


RVM7 


5^GAAAGTGATTTGGGAACGACCTTG-3' 


RVM8 


5'.CCCTTGCTGGAAGTTTGGTGAG-3' 



PCR fragments obtained were used as primers in PCR reactions together with Ml 3- 
forward primer on the XhoI/HincII fragment of the Strl promoter cloned in pIC20H. PCR 

5 fragments obtained were reamplified using M13-reverse and M13-forward primers. 
Amplified PCR products were digested with Bglll/Sall and cloned into GusSH digested 
with BamHI/Sall. In total 8 mutated versions of the RV fragment were made, covering the 
entire fragment from the Rsal site to the Avail site. In each mutant 6 adjacent nucleotides 
(nt ) were changed into their complementary nt, i.e. changing A to T and G to C. The 8 

,0 mutated versions of the BH fragment fused to gus.i were introduced into C. roseus cell 
lines MP1 83L and BIX as described above. Northern blot analysis was performed for two 
independently transformed cell lines for each mutant construct, that were incubated for 6 h 
with DMSO or MJ for C. roseus BIX cell lines (Fig.3) and with DMSO, PE or MJ for C 
roseus MP183L cell lines (Fig.4). By comparing basal and MJ-induced gusA gene 

,5 expression for all the mutant BIX lines to the expression conferred by wildtype BH 
fragment it is clear that mutations 1, 6, 7 and 8 conferred a wildtype gene expression 
pattern (Fig.3). In mutant 2 the expression was only minimally inducible. In mutants 3, 4 
and 5 expression was uninducible, and similar to the expression conferred by the BH-RV 
fragment (Fig.3). The experiment with the MP183L lines carrying the mutated BH 

20 fragment gave similar results (Fig.4). Mutants 1,2 and 6 showed expression patterns 

similar to the wildtype BH fragment. Mutants 3, 4 and 5 are not consistently inducible by 
PE or MJ and gave similar expression patterns to the BH-RV fragment 
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In rf. experiment seriea, O dta of fte Hock m-lons V* *M - 
JTl. *e veer GuSH-47. *. — - — " C 

„„, ^ Tl* same — of »» »" ^ to8 "* """^ "'J M3 ' " 

fc 24 bp sequence M is covered bv mmadors 2 .0 5, win, muudons 3, 4 and 5 navmg 

S/rl promoter. 



EXAMPLE 2 

Hnninr rt f nttf! A-l and 2 t 
„ ^rTt^s, - a— bed in Example 1. identified as an ei,c«o, and 

AP ETAI^domabctoof,^p 0 onB« B rs.Th ey »«.nam S dORCAland2 ( 

„ n^canoi*ResponsiveCathatananlsAP2). 

rRvinof^^H^^/EMBU^da^^acc^ 

nmto Y10182)™clon t da.aR^Avanfta 8 n^in»4cSn^RVs.Ksof 

number Yima« nm mm,,m Tnetettamerwasdonedasa 

pICZOHandwran^^usmgtheenzjrmesBan^gra.TneW 

„ transferred as aNotl/Xbal ftagment » ft. yeas, integration plasnud plNTl 
TO7 . Recombu-sv^ere Kl e^ on YPD medium containing ISO ug/ml G4, 8 ,andme 
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occurrenceofasinglerecombinationeventbetweenthepINTl derivative and the 
chromosomal PDC6 locus was verified via Southern blotting. Yeast strain Y187-4RV was 
then used in a one-hybrid screen for DNA-binding proteins with a cDNA library of 
Catharanthus roseus cloned in the plasmid pACTII. To construct the library, cDNA was 
synthesised with a Stratagene kit on 2 different P oly(A) RN A preparations mixed in a 1 : 1 
ratio isolated from cell suspensions that were elicited with 0.05 % yeast extract for 1 and 4 
h respectively. The cDNA was cloned in the EcoRI/XhoI sites of lambdaACTII. The 
amplified lambda library, consisting of 3.5 x 10 s independent primary transformants was 
converted to a pACTO plasmid library via Cre-lox-mediated in vivo excision m Cre- 
expressing in K coli strain BNN132. Four million Y187-4RV transformants were screened 
in a one-hybrid screening. Plasmids isolated from 364 colonies obtained on SD medium 
without histidine and leucine were retransformed to Y187-4RV, and two Y187 derivatives 
carrying tetramers of RV mutant fragments RVM4 and RVM5 fused to the HIS3 gene 
Seventeen plasmids showed strongly reduced growth in Yl 87-4RVM4 compared to Yl 87- 
4RV and Y187-4RVM5, whereas all other plasmids did not give rise to significant 
differences in growth between the three yeast strains. Partial sequencing of these P lasm»ds 
revealed that they belonged to one of only two classes. The ORCA-1 class consisted of 3 
plasmids carrying cDNA sequences with identity to the sequences in SEQ ID NO 1 . SEQ 
ID No- 1 is derived from plasmid RV124. Both sequences are identical throughout the mam 
open reading frame, but diverge at their y ends. Obviously, they are derived from the same 
gene and the differences could have arisen by alternative splicing of the primary 
transcript. They contain the complete coding region, since SEQ ID No. 1 contains an in 
frame stop codon preceding the first start codon. The ORCA-2 class consists of 14 
plasmids carrying cDNA sequences with identity to the sequence in SEQ ID No:2. Al 
ORCA-2 cDNA sequences appeared to be partial. The missing portion was .solated via 
PCRwimmeprimers4TH(5'-CCCCACCAAACCCAAAAAAAG-3^SEQn)NO:16) 

and RV1 17 ( 5'-CCATATCCTCGATCCTTrrCTC-3'; SEQ ID NO:17) using the pACTU 
cDNA library as a template. A prominent 0.6 kbp PCR band was digested with EcoRI and 
BamHI, and cloned in pBiuescript II SK+. A complete clone was constructed in 
pBluescript II SK+ by fusion of the PCR fragment with the cDNA fragment from plasmid 
RV210 using the unique BamHI site. 
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EXAMPLES 

pvpi-aecinn nf QRC-A-l and -2 

To analyse the expression of the Orca-1 and Orca-2 genes suspension-cultured C. 
roseus cells were incubated with MJ (10 uM) or PE (0.05% YE equivalent). After 
5 incubadonperiodsrangingfrom 1 to 24 h the <*lls were harvested and irnmediately frozen 
i„ liquid nitrogen. Total RNA was isolated and Northern blots were probed with the full- 
length sequence from SEQ ID NO:l, specific for Orcal, and a 450 bp EcoRI/Kpnl 
fragment from SEQ ID NO:2, specific for Orca-2. Orcal gene expression was not 
modulated by MJ (Fig.5A), or PE (data not shown). MJ-induced gene expression was clear 

I0 fo rOrca-2wi*highle^ 

8 hours after MJ addition as compared to the control (Fig.5B). Orca-2 was also rap.dly 
induced by PE, with an increase of mRNA levels within 1 h and a high level to up to 8 
hours after PE addition (Fig.5C). These results show that Orca-2 is inducible by MJ and 
PE, whereas Orcal expression is not affected. 

15 

EXAMPLE 4 
ri^inffftfORCA-3 

T-DNA activation tagging has been used as a reverse genetic method to isolate 
genes involved in plant growth and development. Genes involved in responses to ABA and 
20 cytokinin have been identified using this technique. A T-DNA carrying a strong 
transcriptional enhancer is integrated into the plant genome by Agrobactenum 

will become deregulated, which can result in a dominant mutation. 

To isolate dominant mutants with increased expression of TIA (terpenoid mdole 

25 alkaloid) biosynthetic genes, the Tdc gene was used as selectable marker. TDC is involved 
in the conversion of L-tryptophan into tryptamine, one of the first steps in TIA 
biosynthesis. TDC is able to use substrates other than L-tryptophan, like 4- 
methyltryptophan (4-mT). This compound is toxic to plant cells, and is converted by TDC 
in to the non-toxic 4-methyltryptamine. We used 4-mT to select for C. roseus cell hues » 

30 which the activation tag causes an increase in Tdc expression. The selection for cell lines 
with increased Tdc expression is described below. 
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A 1 Plasmid* and Agrobacterium tume faciens strain 

Plant cell transformations were done by applying the ternary vector system (van der 
Fits et al., manuscript in preparation). A Kpnl fragment carrying a constitutive virG mutant 
gene was cloned onto plasmid pBBRlMCS and this plasmid was used as ternary vector. 

A brief outline of the cloning of the binary vector Tag-2B4A1 follows: The 35S 
promoter derivative 2B4A1, containing multiple copies of the B and Al enhancers from 
the CaMV 35S promoter, was cloned on a pUC21 plasmid containing the Hpt gene driven 
by a deletion derivative of the FMV 34S promoter ( 34S-tfpO and the gusA reporter gene. 
This complete plasmid (including P UC21 sequences) was digested at a unique BglH site 
and cloned into the binary vector pSDM14 cut with BamHI. The 35S promoter is now 
reading towards the right border sequence. 

Both plasmids (binary and ternary vectors) were introduced into Agrobacterium 
tumefaciens strain LBA4404 via triparental mating using P RK2013 as a helper strain. 

& 7 Transformatinn of Cathar *»»thns roseus suspension cultured cells 

Agrobacterium tumefaciens strains were grown for 3 days at 28'C on solid AB 
medium containing 20 ug/ml rifampicin, 100 ug/ml kanamycin and 75 ug/ml 
chloramphenicol. From these bacteria a liquid overnight culture was grown in the same 
medium. Cells were harvested by centrifugation and resuspended at a OD 6 oo of 1 in LS 
medium of pH 5.2 supplemented with 2 mg/1 NAA, 0.2 mg/1 kinetin, 3% sucrose, 1% 
glucose and 100 uM acetosyringone (hereafter called cocultivation medium). 

C. roseus cells (cell line BIX) are grown in LS medium supplemented with 3% 
sucrose, 0.2 mg/1 kinetin and 2 mg/1 NAA (hereafter called LS13) at 25°C (16/8 h 
light/dark cycle) and subcultured every 7 days by transferring 7.5 ml of cells in 50 ml 
medium. For transformation 7 days old cells were used. The culture medium was replaced 
by cocultivation medium and the cell density was adjusted to 50% sedimentation volume. 
On a petridish (diam. 80 mm) containing 25 ml of cocultivation medium solidified with 
0.7% plant tissue culture agar, 7.5 ml of this C. roseus suspension was mixed with 750 ul 
Agrobacterium tumefaciens culture. Dishes were taped using leucopor tape and put at 25»C 
in the dark for 3 days. After the cocultivation the cells were washed and plated on a paper 
filter disc (diam. 75 mm, Whatmann, No.4). These filters were placed in petridishes 
containing 25 ml LS13 with 50 ug/ml hygromycin-B, 400 ug/ml cefotaxim, 100 ug/ml 
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vancomycin"^ 0.4 mM 4-methyl-tryptophan. Filters were transferred onto fresh medium 
weekly. 

1 1 T . n1 ^ M „f , i. mT resistant C r—* with increased TTA biosynthetic gene 
5 Ex pression 

An estimated number of 400.000 to 500.000 stable, independent C. roseus 
transforms were generated by Agrobacterium tumefaciens-mediated transformation 
with the tagging construct Tag-2B4A1 . Transforrnants were placed on selective medium 
containing 50 ug/ml hygromycin-B, 400 ratal cefotaxim, 100 ug/ml vancomycin and 0.4 

,0 mM 4-mT. After several weeks of selection 281 independent 4-mT-resistant calli were 
obtained. These calli were transferred into liquid medium containing 50 ug/ml 
hygromycin-B and 0.2 mM 4-mT. From these suspension cultures RNA was extracted. 
Northern blot analysis showed that several mutants had an increased Tdc mRNA level 
(data not shown), which in all likelihood is causing the 4-mT.resistance. One these mutants 

15 (line 46) is described in more detail below. 

For line 46 Northern blot analysis was performed using other genes from the TIA 
biosynthetic pathway. RNA extraction and Northern blot analysis were performed. Ten ug 
RNA samples were loaded onto the gels. As 32P-labeled probes, cDNAs encoding TDC, 

STR and SGD were used. 

20 Besides Tdc, also Str\ and Sg mRNA levels were increased significantly in the 

tagged cell line 46, when compared to a 4-mT resistant control cell line (number 38) 
(Fig.6A). Thus in line 46, the T-DNA tag appears to have activated a central regulator of 
TIA biosynthetic gene expression, thereby inducing the expression of at least three genes, 
and possibly the complete TIA biosynthetic pathway. Chromosomal DNA was extracted 

25 from 50 gram fresh weight of cells from suspension line 46 and isolated by CsCl- 

Ethidiumbromide ultracentrifigation. Southern blots were made and the gusA gene was 
used as 32P-labeled probe isolated from GusSH. Southern blot analysis of line 46 showed 
that only one T-DNA copy was integrated into the plant genome (data not shown). 
For plasmid rescue, 10 ug genomic DNA of line 46 was digested with Xbal (a 

30 unique site in tagging construct Tag-2B4A1), ligated and transformed to electrocompetent 
cells of Exoli strain NM554. 
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Plasmid analysis of the obtained E.coli transfonnants identified the rescued plasmid 
46X8 which carried 1 .6 kb of plant DNA immediately flanking the right border of the 
tagging construct. Using the rescued sequence as a probe on a Northern blot ofRNA 
isolated from line 46 and control line 38, one hybridising mRNA species was observed 
5 (Fig.6B). This transcript was absent in control cell line 38, whereas it was present at a high 

leVCl ^el analysis of plasmid 46X8 revealed an open reading frame (ORF), located 
at approximately 600 bp downstream of the start of the rescued plant sequence. Homology 
searches in databases revealed one AP2 domain present in the predicted amino acid 

10 sequence of this ORF. . 

AP2 domain containing proteins are a class of transcription factors exclusively 
found in plants. The encoded protein was called ORCA-3 (for octadecanoid-responsive 
Catharanthus AP2 domain). Several AP2 domain transcription factors, all containing one 
conserved AP2 domain, have been shown to participate in stress signalling (Pti, EREBP, 
15 CBF1 DREB). CBF1 has been demonstrated to act as central regulator of cold-induced 
gene expression in Arabidopsis thaliana. In analogy, the tagged gene described here, 
appears to encode a central regulator of TIA biosynthetic gene expression. 

The sequence rescued on plasmid 46X8 is of genomic origin, and may be 
interrupted by intron sequence To isolate a cDNA copy of the mRNA transcribed from 
20 the tagged gene, a PCR approach was followed. Primer sequences were based on DNA 
sequence information from the rescued plasmid. Primer OR1 (5 1 - 
GAATTCATATGGCGGAAAGCTGTCAGGAGGATTC: SEQ ID NO:18) was combined 
with the vector T3 primer and OR4 (5'-CGACGTCGTAGAAGGCTCCGCAGGG; SEQ 
ID NO- 1 9) with the vector Ml 3-40 primer in PCR reactions using lambda DNA prepared 
25 from a Croseus root cDNA library as a template to isolate the 3' respectively 5" parts of 
the ORCA3 cDNA. Based on DNA sequence data from these partial cDNA clones, 
primers OR5 (5' AGATCTCATAGTTCCGAAGAAATC-ATTTCCGTCTCAG; SE 
NO20) and OR6 (5" AGACTCGTGAACTTTTTTGGATATAAAATTTTGTAC-ATTCC, 
SEQ ID NO:21) were developed, which were used in a PGR on the rescued 46X8 plasmid 
30 to obtain the complete ORCA-3 open reading frame. The cDNA and amino acid sequences 
are provided in SEQ ID NO:3 and SEQ ID NO:6, respectively. Homology with other AP2 
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m proi ^, including the Catharanthus proteins ORCA-l and ORCA-2 described 
, is restricted to the AP2 domain. Sequences outside this domain are not conserved. 



domain proteins 



EXAMPLE 5 

TV wr d ORCA i* fadiieed b y rlr ; *~ ™rtwl.iasmonate 

Previous research showed that the octadecanoid pathway, leading to the synthesis 
ofj asmonate,ismvol^ 

et al., 1999). Treatment of C. roseus cells with methyl-jasmonate (MJ) thus resulted m a 

transient increase of both Tdc and Str\ mRNA levels. 

TheT-DNAtaggmgexperimentinExample^showedthatther^S/rlandSg 

geneS areregmatedbyORCA-3.Basedon^ 

d ^p^0^l.l^to4 B did*--j-— -responsive express^ 

ofth eSM g ene(Exam P le2),^^ 
jasmonate-responsive transcription factor. 

Normemblotswereloadedwi*^ 
points with MJ, crude yeast extract elicitor (YE) and with a partly purified elicitor from 

tagged gene. Treatment of cells with MJ resulted in a rapid increase in expression of Ae 
tagged gene (Fig.7). This increase was already observed within 2 h after addition of MJ 
20 andsustainedforatleast28h.Theind«ctionofr < fcand5 / H expression wasslower 

1999) Becauseofthe induction byaproduct from the octadecanoid pathway, the tagged 
g ene was named (Octadecanoid Responsive Catharanthus AP2-domain protem). 
Incubation of cells with crude (YE) and partly purified (PE) elicitor (Fig.7) resulted in a 
25 rapid and transient increase of Orca-3 mRNA levels, although the expression level is low 
re i au ve to MJ-induced level* 
approxirnately2hafter^^^ 

expression by the elicitors occurs later (maximal induction after 6-8 h;Menkeetal., 1999). 
The Northern blot analysis shows that Orca-3 expression is elicitor- and jasmonate- 
30 respor^iveandprecedestheinductionoftheTIAbiosynmeticgen^ 

ORCA-3 is an elicitor- and jasmonate-responsive transcription factor that coordinated 
controls TIA biosynthetic gene expressioa 
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EXAMPLE 6 

.;t. PRO -' ™* -> ^thin the FV rrrion of Str promoter 
To identify the ORCA binding site within the RV region, Yl 87 yeast derives 

that contained tetramers of the RV wildtype fragment and mutants Ml through M6 (see 

below and Table 1 . 1 for mutations) fused to the HISS gene were constructed via single 

cross-over in the PDC6 locus as described above. 

The sequence of the RV region (SEQ ID NO:7) of the Sri promoter is shown 

below. Mutated blocks are underlined or indicated in bold face. Nucleotides within each 

block were changed into their complementary nucleotides. 

M2 M4 M6 

GTAj^I^CTCTTAGAC^ 

Ml Ml M5 MZ 

The yeast strains were then separately transformed with pACTII derivatives RV124 
(encoding ORCA-1 fused to the GAL4 activation domain) and RV210 (encoding part of 
ORCA-2 including the AP2 domain fused to the GAM activation domain). Transfonnants 
were plated on SD minimal medium without leucine but containing histidine. Colonies 
obtained after 5 days were streaked on SD plates without histidine and leucine, and growth 
was recorded after 5 days (Table 6. 1). Growth indicates that ORCA proteins bound the RV 
derivative and activated HIS3 gene transcription, whereas lack of growth indicates that 
ORCA proteins failed to bind the RV derivative. The results indicate that ORCA-1 and 2 
failed to confer growth in yeast containing mutants M3 and M4 fused to the HIS3 gene. In 
these mutants, blocks of 6 nucleotides are changed in their complementary nucleotides 
within the sequence GACCGCCTTCTT. This sequence is similar to the binding site 
identified for tobacco EREBP proteins (Ohme-Takagi and Shinshi, Plant Cell 7:173-182, 
1995) and tomato Pti proteins (Zhou et al., EMBO J. 16, 3207-3218,1997) within PR gene 
promoters and for Arabidopsis CBF and DREB proteins within COR gene promoters 
(Stockinger et al., Proc.Acad.Sci.USA, 94:1035-1040,1997). 

In addition, ORCA-2 failed to confer growth in yeast containing mutant M2 fused 

totheH/Sigene. 
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TABLE 6.1 

, ~ fr oct vi m derivatives c oining different RV mutants fiised to the HIS3 gen e 



Growth ( 



^cfnrmpH with ™C A-1 or ORCA-? expressing pACTTI plasmids. 



RV derivative 


ORCA-1 (RV124) 


ORCA-2 (RV210) 


RV 


+ 


+ 


M2 


+ 




M3 






M4 






M5 


+ 


+ 


M6 


+ 


+ 
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EXAMPLE 7 

r>PPA.1 and 2 ar* ^n.r.rintional « rri vtnn. of the Str\ -promoter in C, rose* eelfa 

To investigate whether ORCA-1 and 2 can act as transcriptional activators 
interacting with the Sri -promoter, C. roseus cells were transiently ^transformed with a 
S/rl-promoter-gi^ fusion (BH-GusSH) construct , an overexpression vector (pMOG184) 
carrying <W or Orca2 cDNAs fused in sense or antisense orientation to the CaMV 35S 
promoter and a overexpression vector carrying the chloramphenicol acetyl transferase 
gene (cor). As a control, cotransformation of BH-GusSH with an empty overexpression 
vector was done. The CaMV 35S-cat construct served as an internal control for 
transformation efficiency. Cells were transformed through particle bombardment as 
described before, using the three constructs in a ratio of 1:1:3 (gus:cat:orca). Twenty four 
hours after transformation, cells were harvested and frozen in liquid nitrogen. GUS and 
CAT activity assays were performed and the Gus reporter gene expression was expressed 
as a GUS/CAT ratio to correct for transformation efficiency. Expression of Orca-1 in 
sense orientation resulted in a higher GUS activity (gus/cat ratio, 1.6 fold induction) as 
compared to the control (BHGusSH +pMOG 184) (Fig. 8). Expression of Orca-1 in 
antisense orientation did not alter the GUS activity level (Fig. 8). Expression of Orca-2 in 
sense orientation resulted in a 3.3 fold induction of GUS activity, whereas express.on of 
Orca-2 in antisense orientation had little or no effect on GUS activity as compared to the 
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control transformed cells (BHGusSH +pMOG 1 84) (Fig. 8).These results show that 
transient overexpression of either ORCA-1 or 2 (in sense orientation) enhances the 
expression of the gusA reporter gene driven by the Str-promoter fragment BH. 

To show that ORCA-1 and 2 enhance the expression driven by the Strl -promoter in 
a sequence-specific manner, co-transformations were done using wild-type and mutant 
versions of the S/rl-promoter (fused to gusA). ORCA-1 enhanced the expression of the 
gus reporter gene to some degree through interaction with wild-type and mutant versions 1, 
2, 5 and 6 of the BH fragment of the Strl -promoter, as compared to the control pMOG184) 
(Fig. 9). ORCA-1 did not enhance the expression of reporter constructs driven by mutant 
versions 3 and 4 of the 5/rl-promoter fragment BH (Fig. 9). ORCA-2 strongly enhanced 
the expression of gus reporter gene through interaction with wild type and mutant version 
1, and 6 of the BH fragment of the S/rl-promoter (Fig. 9), as compared to the control 
(pMOG184). ORCA-2 enhanced gus gene expression weakly for mutants 2 and 5 (Fig. 9). 
ORCA-2 did not enhance the expression of reporter constructs driven by mutant versions 3 
15 and 4 of the tfr-promoter fragment BH (Fig. 9). These results show that the activation of 
gene expression by ORCA-1 and 2 is sequence-specific and occurs through direct 
interaction with the Strl -promoter fragment RV. The sequence requirement for ORCA 
activation in plant cells is slightly different from that in yeast cells (see example 6). In 
yeast, mutations M2, M3 and M4 affect the ability of ORCA-2 to activate gene expression, 
20 whereas in plant cells mutations M5 additionally affects gene expression to some degree. 
These differences may reflect differences in binding in the two cell types, for instance due 
to interaction with different endogenous proteins. On the other hand, the transient co- 
bombardment data closely correlate with the results of the stable transformation (Example 
1), indicating that indeed lack of ORCA binding is the reason for lack of expression of 
25 mutants M2, 3, 4 and 5 in stably transformed lines. 



EXAMPLE 8 

is a transcriptional activator of the Tdc and Strl prom ts in C roseus cells 
To investigate whether ORCA-3 activates expression from the Tdc- and Str 1- 
30 promoters, a particle bombardment assay was performed. C roseus cells were co- 
bombarded with the gw^-reporter gene with or without an overexpression vector 
containing the Orca-3 cDNA in the sense orientation. The gw^-reporter gene was driven 
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by a fragment of the 7<fc-promoter (-219 to +86 as referred to the translational start site) or 
the Str 1 -promoter (-202 to -1 as referred to the translational start site). 

24 h after bombardment the cells were stained for GUS activity. A clear increase in 
the number and intensity of blue spots was observed when the ^-reporter gene was co- 
bombarded with 35S-Orca3, when compared to a negative control in which the cells were 
co-bombarded with the empty overexpression vector. This enhancement was observed 
both with the Wc-promoter fragment (Fig. 1 1) as well as with the tfrl-promoter fragment 
(Fig. 10) driving reporter gene expression. As a control, GUS activity from an unrelated 
promoter (6Tcyt) was not increased after co-bombardment with Orca-3 (data not shown). 
Thus in this transient transformation assay, Orca-3 activates gene expression from the Tdc- 
and Sfrl-promoter in a sequence-specific manner. 



EXAMPLE 9 

npr a.i , .7 and -3 activate expression of the iasmonat «-responsive R V element from the, 
15 Str\ -promoter 

The transient co-bombardment assay, as described above, was used to investigate 
whether the ORCA proteins activate gene expression of the jasmonate-responsive RV 
element from the »rl -promoter. C. roseus cells were bombarded with a gus^-reporter 
gene driven by a tetramer of the RV element (4RV) in combination with the empty 

20 overexpression plasmid, 15S-Orcal, 35S-Orca2 or 35S-Orca3. The number and intensity 
of blue spots was increased clearly upon co-bombardment with one of the three Orca 
genes, when compared to control cells, which were co-bombarded with the empty vector 
(Fig. 12). The strongest activation of gusA expression was observed when Orca-2 or Orca- 
3 were used. However, to make statements about the relative strengths of activation of the 

25 3 different ORCAs, quantitative analysis is necessary, thereby correcting for differences in 
particle coating and bombardment efficiencies. In addition, the differences in activation 
may be due to differences in expression levels of the three ORCA proteins, instead of 
differences in activation strength. 
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EXAMPLE 10 

nBPA-3 not activ a*p ppne expression i 
m „w»M4andM5 _ 

35S-Orca3 was co-bombarded with the 4RV mutant series (described in Example 
1) to determine which sequences in the RV element were important for the activation by 
Orcai After co-bombardment cells were stained for GUS activity and blue staining was 
quantified visually by estimating the number and intensity of blue spots. The results are 
shown in the below Table 10.1. 





Cells bombarded 
with 

4RV + pMOG 
4RV + 35S-Orca3 



4M2 + pMOG 



4M2 + 35S-Ocai 



4M3+pMOG 



4M3 + 35S-0«j3 



4M4 + pMOG 



4M4 + 35S-Orca3 



4M5 + pMOG 



4M5 + 35S-Oca? 



4M6 + pMOG 
4M6 + 35S-0«fli 



staining 



1.5 



0.5 



0.5 



0.5 



0.5 



1.5 



0.5 

oT 



0.5 



0.5 

IT 



2.5 
T 



0.5 



0.5 



0.5 



2.5 
4" 



The above Table 10.1 shows the relative GUS activities as determined visually. 
10 The C. roseus cells were co-bombarded in triplicate with the gusA reporter gene driven by 
4RV or a mutant of this element together with an overexpression plasmid carrying the 
OrcaS cDNA (35S-Orc«J) or the empty vector (pMOG). Cells were stained for GUS 
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activity. The numbers in Table 10.1 are an estimation of the intensity and number of blue 
spots. Values range from 0 (no blue spots) until 4 (many intense blue spots). 

No activation of GUS activity was observed when the gusA reporter gene was 
driven by a tetramer of RV mutant M2 or M3. For mutants M4 and M5, the basal GUS 
activity was lower, when compared to the wild-type. However, ORCA-3 was able to 
activate gene expression of these mutants. Expression of mutant M6 resembled the wild- 
type, both in basal GUS activity levels, as well in inducibility by ORCA-3. Thus ORCA-3 
is able to activate gene expression from the RV element and sequences that are disrupted 
in mutants 2 and 3 are important for this sequence specific activation. Again, quantitative 
analysis is necessary to make conclusive statements about the exact sequence requirements 
for activation of gene expression. The preliminary results indicate that the sequence 
requirements for activation of gene expression in plant cells by ORCA-3 are the same as 
forORCA2. 



15 

EXAMPLE 11 

nprAt r rr.tr»in contains an acidic regio n that has an acti vatin g function, and a serine-rich 
region that has a negative re gulatory function in transcription 

ORCA3 contains an acidic region preceding the AP2-domain- Acidic domains 

20 often function in transcriptional activation. In addition, ORCA3 contains a serine-rich 
region C-terminal of the AP2-domain (Fig.l3A). The in vivo function of these regions was 
assayed by testing the activation potential of different ORC A3 derivatives on Str promoter 
activity (Fig.l3B). The 5/rl-promoter (-202 to -1 respective to the translation start site) 
fused to the gusA gene was cobombarded with different ORCA3 derivatives (shown in 

25 Figure 13A), cloned in sense orientation in the plant expression vectors pRTlOl or 

pRT104 (wnuuning the CaMV 35S promoter). Full-length ORCA3 protein activated the 
Str\ promoter about 5-fold (Figure 13B). Deletion of the acidic region of ORCA3 
(resulting in construct A50RCA3) abolished most of the activation. This reduction was not 
caused by decreased promoter binding in vivo nor to impaired nuclear localization of 

30 A50RCA3 protein, since activation was restored by fusion of a heterologous acidic 
activation domain from Herpes simplex viral protein VP16 (amino acids 413-487) to 
A50RCA3. Deletion of the serine-rich region (construct A30RCA3) resulted in higher 
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activation. This indicates that the acidic region has an activating effect on transcription, 
whereas the serine-rich region has a repressing effect. 
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EXAMPLE 12 

n^v r.rsssion of ™™ .m-regulate * ™Mr,\e genes inmimarv as well as secondary . 
metabolism 

In line 46, the Orca3 gene was activated by insertion of a T-DNA activation teg. 
Gene expression in the tagged cell line 46 overexposing OrcaS was analysed by Northern 
blotting and hybridization with different cDNA clones. This showed that the HA 
biosynthetic genes Tdc, Str, Sgd, and D4h were expressed at high levels, while the 
expression of GWh and Dot was not affected (Fig.l4A). In addition, genes encoding the 
alpha subunit of AS (Asa) and DXS, enzymes involved in primary metabolism producing 
precursors of the indole and terpenoid moiety of TIAs, respectively, were induced by 
Orca3 overexpression, whereas two other primary metabolic genes, that are not involved 
in production of TTA precursors (geranylgeranyl pyrophosphate synthase, Ggpps; and 
isochorismate synthase, Ics) were not regulated by ORCA3 (Fig.l4A). 

The rescued Orca3 gene fused to the 2B4A1 plant promoter was introduced in 
Croseus cells by particle bombardment to generate stably transformed cell lines that 
overexposed the OrcaS gene (03-OX cell lines). The 03-OX lines had higher expression 
kvels of the endogenous Tdc, Str, Cpr and D4h genes (Fig.l4B and D). Due to the variable 
expression of Sgd in the different lines, no statistically significant effect of Orca3 
overexpression was observed in the 03-OX lines (Fig.l4B and D). The GlOh gene was not 
activated by ORCA3 overexpression (Fig.3B and D). In addition to the genes mentioned, 
also anthranilate synthase (Asa) and D-l-deoxyxylulose-5-phosphate synthase (Dxs) were 
expressed at higher levels in the 03-OX lines (Fig.l4B and D). This indicates that ORCA3 
not only regulates multiple genes in the TIA pathway, but in addition genes in primary 
metabolism that are involved in production of TIA precursors. Although it has been shown 
that genes (D4h and Dot) in the later part of the pathway leading to vindoline and dimeric 
alkaloids have a different cell-type-specific regulation compared to genes (Tdc and Str) in 
the earlier part of the TIA pathway, the D4h gene also shows increased expression in 03- 
OX lines compared to control lines (Fig.l4B and D). 



WO 00/46383 



73 



PCT/NLOO/00075 



EXAMPLE 13 . 
UjjimlU ^ ll mrP ^ - r~- tn ^hr and TTA production 

Metabolite levels were measured in five representative 03-OX lines and in 5 
control lines. Hie 03-OX lines contained increased levels of tryptophan and tryptanune 
5 (Fig 15 leftpanel).The03-OXceuhnesdidnota^^ 

growth medium (Fig. 15, left panel), probably because the Gl Ok gene was not activated by 
ORCA3 overexpression. Upon feeding of a secologanin precursor (loganin), increased 
counts of strictosidine (8.1 1 * 0.87 umoles/g DW), ajmalicine (0.25 ± 0.10 umoles/g 
DW; collectively termed TIAs in Fig.l5,right panel) and an unidentified lochnencm-hke 
,0 TIA (1.21 ± 0.66 areaunits/g DW) accumulated compared to control lines. 



IS 



EXAMPLE 14 

n r-irn mM^te TJr VH ind GWh gene expression 

The Orcal gene, fused to the CaMV 35S promoter in vector pMOG184, was 
mtt0 duced in Cro^ cells by particle bombardment to generate stable transgenic hues 
that overexpress the Orca2 gene (02-OX lines). RNA analysis showed that the genes 

Surprisingly, the GWH gene, which was not expressed in 03-OX lines (Fig.l4B and D), 
20 was highly expressed in 02-OX lines (Fig.16). 
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CLAIMS 

1. Method of modulating in a cell the level(s) of one or more metabolites, and/or of 
modulating the expression of one or more genes involved in the biosynthesis of a 
metabolite or a precursor herefor, said method comprising providing to the cell at least one 
AP2-domain transcription factor. 

2. Method of modulating in a cell the level(s) of one or more metabolites, and/or of 
modulating the expression of one or more genes involved in the biosynthesis of a 
metabolite or a precursor herefor, said method comprising providing to the cell at least one 
naturally occuring transcription factor involved in the response of a plant cell to external 
stress and/or a naturally occuring transcription factor that is involved in the response of a 
plant cell to a stress-related signalling molecule; or a mutant, analog, variant, allele, part or 
fiagment of such a naturally occuring transcription factor. 

3. Method of modulating the stress resistance of a cell, said method comprising 
providing to the cell at least one AP2-domain transcription factor. 

4. Method of modulating the stress resistance of a cell, said method comprising 
providing to the cell at least one naturally occuring transcription factor involved in the 
response of a plant cell to external stress and/or a naturally occuring transcription factor 
that is involved in the response of a plant cell to a stress-related signalling molecule; or a 
mutant, analog, variant, allele, part or fragment of such a naturally occuring transcription 

25 factor. 

5. Method according to any of claims 1-4, in which the at least one transcription 
factor is provided to the cell by the expression in said cell, under the control of an 
expression regulating sequence operable in said cell, of at least one nucleotide sequence 
that encodes said at least one transcription factor. 



20 



30 



6. Method according to claim 5, comprising the steps of: 
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(b) 



(a) 



transforming the cell with a genetic construct, said construct comprising the at 
least one nucleotide sequence encoding the at least one transcription factor, 
operably linked to said expression regulating sequence; 
maintaining the cell under conditions such that the at least one nucleotide 
sequence encoding the at least one transcription factor is expressed in said cell. 



7. Method according to claim 5 or 6, in which the expression regulating sequence is 
heterologous to the cell and/or in which the expression regulating sequence is an 
expression regulating sequence with which the at least one nucleotide sequence that 

10 encodes said at least one transcription factor is not natively associated. 

8. Method according to any of the preceding claims, in which (the at least one 
nucleotide sequence encoding) the at least one transcription factor is (a nucleotide 
sequence encoding) a naturally occuring transcription factor that is involved in the 

15 response of a plant cell to a jasmonate; or ( a nucleotide sequence encoding) a mutant, 
analog, variant, allele, part or fragment of such a naturally occuring transcription factor. 

9. Method according to claim any of the preceding claims, wherein the cell to 
which (the nucleotide sequence encoding) the at least one transcription factor is provided 

20 is a plant cell 

10. Method according to any of the preceding claims, wherein the plant cell is 
present in a plant, such as in a tissue, part or organ of a plant, or in a culture of plant cells, 
in which said plant or plant cells has/have been transformed with a genetic construct 

25 comprising at least one nucleotide sequence encoding the at least one transcription factor 
operably linked to an expression regulating sequence operable in said plant or plant cells. 



30 



1 1 . Method according to any of the preceding claims, wherein the at least one 
metabolite is a plant metabolite, including but not limited to precursors and/or 
intermediates therefor. 
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12. Method according to any of the preceding claims, wherein the plant metabolite 
is a secondary plant metabolite selected from the group consisting of alkaloid compounds, 
phenolic compounds or terpenoid compounds such as a terpenoid indole alkaloid. 

5 13. Method according to any of claims 1-2 and 5-12 wherein the gene product 

involved in metabolite production is a protein or polypeptide, including but not limited to 
an enzyme. 

14. Method according to any of the preceding claims, in which, in the cell to which 
10 (the at least one nucleotide sequence encoding) the at least one transcription factor has 

been provided: 

- the level in the cell of at least one metabolite is enhanced by at least 1 0%, at least 25% 
or at least 100%, e.g. relative to a cell to which the transcription factor is not provided; 
and/or 

15 - the level in the cell of the at least one metabolite is reduced by at least 1 0%, at least 
25% or at least 50%, or at least 95%, e.g. relative to a cell to which the transcription 
factor is not provided. 

15. Method according to any of the preceding claims, in which, in the cell to which 
20 (the at least one nucleotide sequence encoding) the at least one transcription factor has 

been provided: 

- the expression in the cell of one or more genes involved in the biosynthesis of a 
metabolite or a precursor herefor is enhanced by at least 10%, at least 25% or at least 
100%, relative to a cell to which the transcription factor is not provided; and/or 

25 - the expression in the cell of one or more genes involved in the biosynthesis of a 

metabolite or a precursor herefor is reduced by at least 10%, at least 25% or at least 
50%, or at least 95%, relative to a cell to which the transcription factor is not provided. 

16. Plant, plant cell or plant material that has been transformed with a genetic 

30 construct comprising at least one nucleotide sequence encoding at least one AP2-domain 
transcription factor, operably linked to an expression regulating sequence. 
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17. Plant, plant cell or plant material that has been transformed with a genetic 
construct comprising at least one nucleotide sequence encoding at least one naturally 
occuring transcription factor involved in the response of a plant cell to external stress 
and/or a naturally occuring transcription factor that is involved in the response of a plant 
i cell to a stress-related signalling molecule; or a mutant, analog, variant, allele, part or 
fragment of such a naturally occuring transcription factor. 

18 Plant, plant cell or plant material according to claim 16 or 17, in which the 
expression regulating sequence is heterologous to the plant or plant cell and/or in which 
0 theexpressionregdatingsequenceisanexpressionregdatingsequence^ 

least one nucleotide sequence that encodes said at least one transcription factor ,s not 
natively associated. 

19. Plant, plant cell or plant material according to any of claims 16-18, in which the 
15 at least one nucleotide sequence encoding the at least one transcription factor is a 

nucleotide sequence encoding a naturally occuring transcription factor that is involved in 
the responseofaplantcelltoajasmonatejoranucleotide sequence encoding a mutant, 
analog, variant, allele, part or fragment of such a naturally occuring transcription factor. 

20 20. Plant, plant cell or plant material according to any of claims 16-19, in which 

- the level in the plant, plant cell or plant material of at least one metabolite is enhanced 
by at least 10%, at least 25% or at least 100%, e.g. relative to the corresponding non- 
transformed plant, plant cell or plant material; 

- the level in the plant, plant cell or plant material of the at least one metabolite is 

25 reduced by at least 10%, at least 25% or at least 50%, or at least 95%, e.g. relative to 
the corresponding non-transformed plant, plant cell or plant material; 

21.Plant,plantcellorplantmaterialaccordmgtoanyofclaims 16-19, in which: 

- the expression in the cell of one or more genes involved in the biosynthesis of a 

30 metabolite or a precursor herefor is enhanced by at least 1 0%, at least 25% or at least 
100%, relative to the corresponding non-transformed plant, plant cell or plant material; 
and/or 
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- the expression in the cell of one or more genes involved in the biosynthesis of a 
metabolite or a precursor herefor is reduced by at least 1 0%, at least 25% or at least 
50%, or at least 95%, relative to the corresponding non-transformed plant, plant cell or 
plant material. 

22. Plant, plant cell or plant material according to any of claims 16-21, wherein the 
plant metabolite is a secondary plant metabolite selected from the group consisting of 
alkaloid compounds, phenolic compounds or terpenoid compounds such as a terpenoid 
indole alkaloid. 

23. Plant, plant cell or plant material according to any of claims 16-21, wherein the 
gene product involved in metabolite production is a protein or polypeptide, including but 
not limited to an enzyme. 

24. Cultivating material such as seed, tubers, roots bulbs and/or seedlings for or of 
a transformed plant according to any of claims 1 6-23; plant material obtained from a plnat 
of any of claims 16-23; or a descendant of a transformed plant according to any of claims 
16-23, for instance be obtained by sexual or asexual reproduction, including but not 
limited to standard cultivation or plant breeding techniques. 

25. Method for providing a transformed plant or a descendant of such a 
transformed plant, in which, compared to the corresponding native (e.g. non-transformed) 
plant, 

- the intracellular level(s) of one or more metabolites are enhanced, the intracellular 
levels of one or more (other) metabolites are reduced; or a combination thereof, e.g. as 
described above and/or by the amounts indicated above; and/or 

- the expression of one or more genes involved in the biosynthesis of a metabolite or a 
precursor herefor are enhanced; the expression in the cell of one or more genes 
involved in the biosynthesis of a metabolite or a precursor herefor ar reduced; or a 
combination thereof, e.g. as decribed above and/or by the amounts indicated above; 
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said method comprising the steps of: 

(a) transforming a plant, plant cell or plant material with a genetic construct 
comprising at least one nucleotide sequence encoding at least one transcription 
factor, operably linked to an expression regulating sequence 

(b) optionally cultivating the plant, plant cell or plant material into a mature plant; 
and/or 

(c) optionally providing one or more further generations of the transformed plant of 
step (a) and/or step (b) by sexual or asexual reproduction, including but not 
limited to standard plant cultivation and/or plant breeding techniques. 

26. Method of producing a metabolite including a plant secondary metabolite, the 
method comprising providing a recombinant cell or plant according to any of claims 16-23, 
cultivating said cell or plant under conditions where the nucleotide sequence coding for the 
transcription factor regulating the expression of at least one gene coding for a gene product 
involved in the metabolite production is expressed, and recovering the metabolite from the 
plant cell, the plant, and/or plant material obtained from said plant. 



27. Metabolite, obtained via the method of claim 26 and/or from a plant, plant cell 
and/or plant material according to any of claims 16-23; or from a descendant of such a 

20 plant. 

28. Nucleotide sequence, in particular the form of an isolated nucleic acid, 
comprising a nucleotide sequence chosen from SEQ ID NO: 1 ; SEQ ID NO: 2; SEQ ID 



NO: 3; and/or SEQ ID NO: 7; or a mutant, analog, variant, allele, part or fragment thereof. 
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